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PREFACE. 



The contents of this book appeared as a eeries of arti- 
„.3a in the Electrical Engineer between September 1891 
ll and Maj 1892. Its object is to give simple directiona for 
1 the practical use and management of dynamos and motors. 
< The authors have taken special care to arrange the ma- 
terial so that tlie different subjects are treated separately 
and in the proper order, and the headings are printed in 
heavy type to facilitate ready reference to any subdivision. 

The reader is recommended to familiarize himself at 
first with the plan and contents of the book, that he may 
be able to turn readily to any p^rt of the book wanted 
when at work. 

The authors design the present volume to be simply the 
ground-work of a krgeraiid more elaborate treatment of 
the subject which they contemplate prepai'ing and they 
will appreciate any suggestions. 

Kbw YofiK, May. 1893. 
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PRACTICAL MANAGEMENT 



DYNAMOS AND MOTORS. 



INTRODUCTION. 

The pnrpoae of these articles is to set forth the more im- 
portant facts which present themselves in the actual hand- 
ling of dynamo-electric machines and electric motorri, as 
a guide for those who use or flludy these machines. The 
authors do not claim for this treatment of the suhieet that 
it is aDytbing more than a set of directiooH in whiuh the 
various points are arranged under headings for convenience 
of reference. 

The subjects considered are : Chapter I, Genersl Prinoi- 
pleB of Dynamos and Motors ; Chapter IT, Directions for 
Selecting ; Chapter III, InsUlling ; Chapter IV, Starling j 
Chapter V, Running ; Chapter VI, Stopping ; and Chap- 
ter VII, Testing JJyniimos aud Motors; also Part II, 
Directions for Locating and Remedying Troubles in these 

Herf tofore writers on the dynamo or motor have usually 

treati-d these machines entirely distincily, and books or 

papers on the dynamo usually contain nothing about the 

motor, or merely consider it briefly in a few special chap- 

< tars, and books on the motor only refer to the dynamo in- 
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oidentallr. The authors have found that there is no ne- 
oeBsity for this separation ; in fact, nine out of ten 
statements which apply to the dynamo are equally ap- 
plicable to the motor, and if the word machine is used in- 
stead of dynamo, the statement covers both and becomes 
doubly important and useful. OccaHionally, of course, it 
is necessary to distinguish between the two machines, but, 
as a matter of fact, the difiPerence in treatment required 
for dynamos and motors is often less than for different 
kinds of dynamos; for example, a shunt dynamo and series 
dynamo differ from one another much more than do a 
shunt dynamo and shunt motor. 




J^eflnitions, — A dynamo- electric machine ii 
chine for converting mechanical etieryy into electrical en- 
ergy; in other woruK, it y-nerates electric current when 
drioen by ineohaiiicul power. The lerm dynarao-electrio 
machine is bo long tlmt. it is usually aud unavoidably 
shorteDed into "dynamo," wbich has exautly the same 
meaning. The name "electric generator" or simply "gen- 
erator" Ib often applied to the dynamo, especially when 
uaed to produue current for cleulric railway or other motors, 
bat this distinction is merely for convenience. An alter- 
nating-current d,Tnamo ia commonly called an "alternator." 

An electric motor is a machine for converting electrical 
1 energy into mechanical energy; in other worda, it pro- 
elucea mechanical power when atipplied with an electrio 
current. An electrio motor is usually called simply a 
motor, and although motor might mean anything produc- 
ing motion, it is Very rarely uwed in any other sense and is 
perfectly dtfinite in connection with electrical matters. 

JPrinciples of Action. — The dynamo is tased upon 
the diauovery made by Faraday in 1831, that an electrio 
curreut ia generated in a conductor by moving it in a mag- 
netic Held, The electrio motor works on the principle that 
a conductor carrying a current in a magnetio field tends to 
move. Thus it will be seen from the above atatemenia 
that the dynamo and motor are exactly the reverse of eaoh 
other in their action, 

Sitnilarity of Dynamos nnd Motors.— The 
two maobinea are, however, very similar in their conatrac- 
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tiou. In fact, the aame macbine can be used for either 
pnrpo§e equally well. Id praotice there are sometimeB 
light d~ ' ' ' 



slight differences between dynamos and motors, as will be 
explained further on, but these are not very important. 
Henoe, as already stated io the introduction, the two ma- 
ohinea will be treated as one, except where some distino- 

tion IB specially stated. 

General Form. — We have seen that both the dy- 
namo and motor depend for their action upon the move- 
ment of conduotora in magnetio fields. Now it has been 
found as a result of scientitic experiment and practical ex- 
perience during the 60 years since Faraday's discovery, 
that the best way to carry out this principle Je to arrange 
the conduDtors in suitable form and rotate them between 
the poles of a magnet, or magnets. This rolatiug part is 
called the armature and the magnet is called the field 
In alternating- our rent dynamos this plan ia some- 
' " ! field magnets being made to rotate and 
y fixed. 

A-Vniature. — This usually consists of an armature 

core of iron on wbi(;h are wound or attached the conductors 
which carry the current. This core should be split up or 
laminated, that is, made of discs, tape or wire, of iron 
separated by paper, varnish or rust, instead of one solid 
piece; olherwine it will have useless currents generated in 
It which would waste the power of the machine. This 
core is almost always made either in the form of a drum 
or &Ting, and hence we have these as the two principal 
types of armature. 



cores are l\\& pole-pieces which form the magnetic field or 

space in which the armature revolves, 
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The choice of a 
largely upon the 
I There are, howei 
almost all cases. 



or motor will, of course, depend 
ces in eaoh particular instanoe. 
general facts which apply to 



Construction, — Thia should bo of the most solid 
character and firnt-class in every respect, includiug material 
and workmanship, both of which should be of the best I 
posaibie qnality. All the parts should be of adequate s 
and strength to insure durability. 

Fltlisht — What is called a fine finish on a machine ia 
also very deairable, fir^t, because it indicates good con- 
struction, and its absence indicates poor construction (there 
is no essential reason for this, but it seems to be a fact in 
most cases), and second, it usually causes a machine to 
receive much better treatment. 

Simplicity. — The machine and all its parts should be 
as simple as por-sible, and any very peculiar or complicated 
part or atiachment should be avoided. These are some- 
times successful but should be well tried and proved before 
accepting. 

Attention. — The amount of attention required by the 
machine should be small ; for example, the brushes should 
be capable of being easily and securely adjusted, and the 
oiling devices should he effective and reliable, self-oiling 
bearings being very desirable. The screws, connections 
and other small pans should be arranged so that they are 
not liable to become loose, and the delicate parts should 
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not be particularly exposed or liable to injury. Thft ma-"" 
chine Bhould be made so as to be easily and thoroagbly 
cleaned. 

Satldlifig. — The machine should be provided with 
rings or other means by which it can be easily lifted or 
moved without injury. It should be possible to take oat 
the armature conveniently by removing one of the bearings. 

Regulation. — Some form of regulator should be pro- 
vided by which the E. M. F, or carrent of a dynamo or the 
speed of a motor can be reliably and accurately governed. 

A.Vfn.O,tuve, — Tliis should turn very freely in the 
bearings, and should be perfectly balanced so as not to 
have any appreciable jar or vibration at fuli speed. There 
should be a uniform clearance of at least ^ ineh all around 
between the armature and pole-piecea. The armature 
should be capable of moving lengihwise in the bearings at 
least ^ inch. It is not usually desirable to have the speed 
of an armature at its circumference more than 3,000 feel 
per minute, The ring-form of armature is especially 
suited to high voltage since the coils differing most in po- 
tential are at the greatest distance apart. A section of a 
ring armature can also be more easily rewound than in the 
case of a drum armature. 

Capacity, — This should be ample in all cases. It ia a 
very common mistake to underestimate the work required 
of a given machine, and, even if the machine has sufficient 
power at first, the demands upon it are apt to increase and 
finally overload it. Ko one is ever likely to regret choosing 
a dynamo or motor with a considerable margin of capacity, 
since these machines only consume power in proportion to 
the work they are doing. For example, a 30 h. p. ma- 
'line would probably run with a 20 h. p. load more 
momically and satisfactorily than a 20 h. p. machine with 
#ame load. 
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Form.. — The machine should be Bymraetnoal, well pro- 
portioned, compact and solid in form. If it ia either very 
tall or very flat it is nsnally inconvenient and clumsy. No 
part of the machine should pmjeut exceaaively, or be 
awkwardly formed or arranged. The large and heavy 
portions of the machine sboald be placed as low as possible 
to give great stability. For the same reason the shaft 
ehonld not be high above the base, nor Hhould it be so low 
that there is not ample room for the pulley or other at- 
tachment. A horizontal belt, for example, will sag' and 
Blrike the floor if the pulley is very low. 

Weight. — The common idea that it ia desirable to have 
a very light dynamo or motor is a mistake when it is for 
stationary use. There is no advantage in a light machine 
for Btaiiunary work, and it has the disadvantages of beiqg 
less strong, less durable and less steady in rnnning. A 
sufficient weight to make the machine thoroughly sub- 
stantial is obviously a great beaefiL 

Coat. — It is also a mistake to select a cheap maohine, 
since both the materials and workmanship required in a 
high quality dynamo or motor cost more than in almost 
any other machine of the same size and weight. 

The Various Kinds of Circuits on which dy- 
namos and motors are commonly used, and the best type 
of machine in each case, is as in the tables on page 6. 

These saggestions as to selecting a dynamo or motor 
may be followed when it is possible to make only a general 
examination of the machine, or even in cases where it is 
only possible to obtain a drawing or description of it. If 
it IS desired to make a complete investigation of the ma- 
I ohine, it is, of course, necessary to make a thorough test 
and measure exactly its various constants. This can be 
done as completely as may be required by following the 
Directions for Testing, which are given in another chapter. 

A satisfactory test cannot usually be made, however, until 
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after the machine is set ttp in place; and, moreover, it ia 
Dot generally necessary if the maohine Is obtained from a 
reputable eource. 

COMSTANT POTaSTIAL. 

(Circailt on which potential or voltage is kept eonttant, ma- 
chines, lampa, etc., run in pandUL) 
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Setting up. — The place aelectod for a dynamo or 

motor should be dry, cltan, cool, away from all pipes if 
possible, where the machine ig in plain sight and is easily 
acoesaible and taken care of. Avoid particularly any dusty, 
wet or hot location. Any place near which grinding, 
filing, turning or similar work is likely to be done, is very 
undesirable for a dynamo or motor, as the dust and chips 
prodnced are liable to injure the bearings, commutator and 
insulation of the machine. A firm and level foundation 
should be provided In any case, and larger machines of 20 
z h. p. or more should be set on solid stone, brick or timber 
foundations. It is well, parlioularly in the case of high- 
voltage machines, to have them placed upon an insulating 
base-frame of wood, the pores of which should be filled 
with paraffine or well varnished to keep out moisture. If 
a wooden belt-tightening base is used this will answer the 
purpose, but if iron tracks are used they should be placed 
on a wooden base-frame. Fig, 1. 

In unpackiag and putting the machines together the 
greatest possible care should be used in avoiditig the least 
injury to any part, in scrupulously cleaning each part 
and in. putting the parts together in, exactly the right way. 
This care is particularly important with rigard to the shaft, 
bearings, magnetic joints and electrical connections from 
which every particle of grit, dust, chips of metal, i&c., 
should be removed. It is very desirable to have machinery 
put together by a person thoroughly familiar with its con- 
struction, and in the absence of such a person so one 
sbonld attempt it without at least a drawing or photograpli 
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of the complete machine as a puide. An exception may be 
made to thia rale if the machine ia very simple and the 
way to put it tOEetber is perfectly obvious, but in no event 
should the installation or raanagement of machinery be 
Ml lo guess-work. The armature should be handled with 
tlie greatest possible care in order to avoid injury to the 
wires and thai r insulation, as well as to the commutator and 
shaft. Handle and support the arraalnre as) far as possible 
by the shaft and avoid any strain on the armature body or 
oomtnutatiir. If it is necessary to lay the armature on the 
ground, interpose a pad of cloth, but it is much better to 




■Ba&b Filaue. 



rest the shaft on two wooden horses or other supports. A" 
convenient form of sling for handling armatures is ahown 



Pulleys. — A dynamo or motor is nanally furnished by 

the maker with a. pulley suited to it. In the case of a 

dj-namo, do not use a smaller pulley, and with a motor do 

not use a larger one without consulting a competent eleo- 

*rioal engineer. The size of pulley required on the other 

ihine or counter-shaft to which the given machine is to 

■nneoted is found t y multiplying the revolutions per 

B of the dynamo or motor by the diameter of its 
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pulley eipresBed in iuehea and dividing by the revolutions 
per minute required of the other shaft, whiuh gives diame- 
ter of pulley in inehes. The proper speed for a dynamo or 
motor should always be obtained from its manufaoturerB, 
and this speed ehoald not be departed from without their 
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approval. A simple rule for determining the sizes and 
speeds in any holt or gear transmiBsion is that the speed of 
one pulley or gearwheel multiplied by iw diameter nmst 
he equal to the speed of the other multiplied by its diame- 
ter. An allowance should he made of one or two per cent. 
loss of speed in the driven pulley owing to the slip of the 
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belt. In fact, the usual result is 
obtained in practice is leas than is ex 
makes a change of pulleys uecesaary. 

Selting, — The kind of belting selected is somevhat a 
matter of taste but " light double " leather belting is ap- 
plicable to most cases and is generally satiBfactory. The 
width of belting is usually made about half an inch less 
than the face of the pulley on the dynamo or motor. The 
common rule for determining width of belt is that 
"single" belt will tranaiait 1 h. p. for each inch in width. 
at a i-peed of 1,000 feet per minute. If the speed is greater 
or less, the power is correspondingly increased or de- 



Tbts is based upon the condition that the belt is in con- 
tact with the pulley around half its circumference or 180°, 
If the arc of contact is less than half a circle the power 
I tntPs mitted is less, as shown in the accompanying table 
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a complete formula is, therefore, H. P. = j — 

\ the horse power transmitted by a belt is eqnal to 
Idth of belt in inches (w) multiplied by the speed of 
I feet per minute (s) and by the figure depending 
'le arc of contact (c) and divided by looo. For 
^ a belt BIX inches wide traveling at 1,500 feet per - 





h side of the leather of the bAlt roch agalnut the puller. The 
d llaes repreBant the lacing on the aide awa; fi-om puller. 

To /ace pas/e IB. 



minute and tonehing three-eiglitiiB of the circumference of 
the puUej will trausmit: 

6 X 1500 X .84 7560 „„, 

— louu — = m)=' ^-^^ "■• p- 

"Donble" belting ia expected to transmit one and one- 
half, and "light double" one and one-quarter times, a,B 
much power as "single" belting, of which 75 sq, ft, per 
minute tmnsmits one h. p. 

The smooth side of a belt should be run against the pul- 
ley, as it tranamita more power and wears better. An end- 
less belt should be nsed for dynamos and motors, since they 
usually run at high epeeds. If an endless belt is not used, 
the joint should be very carefully laced so as to make it as 
straight and smootb aa possible. In lacing belts there 
must alwaya be aa many stitches of the lacer slanting to 
the left as there are to the right. Otherwise the enda of 
the belt will shift sidewise, owing to the unequal strain, 
and the projecting coruera will catch on something. Two 
good ways of doing this are shown in Fig. 3. In plan A 
two rows of oval holea should be made with a punch aa 
ind icated. The nearest hole should be three-quarters inch 
from the side, and the first row seven-eighths inch from the 
end, and the second row If inches from the end of the belt. 
In large belts these distances should be a little greater. A 
regular belt lacing (a atrong.pliable strip of leather) should 
be used, beginning at hole No. 1 and passing consecutiyely 
through all the boles as numbered. 

In plan B the holes are all made in a row. This plan has 
the adrantage of making the lasers lie parallel with the 
motion on the pulley aide. The lacing ia doubled to find 
its middle, and the two ends are passed through the two 
holes marked " 1 " and " IA," precisely as in lacing a shoe. 
The two ends are then passed successively through the two 
aeries of holes in the order in whicli they are numbered, 
2, 3, 4, etc., and 3A, 3A, 4A, etc., finishing at 13 and 13A, 
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which are additional holes for fasteniiig the ends of the 
Iftcer. 

A siz-inch belt should liaxe seven holes on each part; 
other widths in proportion. Be very careful to measnre 
correctly th« length of belt required, as it is very awkward 
to have it too short or even too long if it be an endless belt. 
If the machine has a belt-tightener, measure for belt when 
position of tightener makes belt the 8hoile>!t, in order to 
allow for stretch, which is considerable in some belts. 

Avoid short or vertical belts, as they are mnch more apt 
to slip than long or horizontal ones. If it is absolutely 
necessary to connect pulleys at different levels, make the 
belt as nearly horizontal as possible. The distance between 
the centres of two belt-connected pulleys should be at least 
three times the diameter of the larger pulley, and it may 
well be four times if the space permits. * 

Make belt just tight enough to avoid slipping withont 
straining the shaft or be-iirings. A new belt will not carry 
as much power as one which baa been properly used for a 
few months. 

Tiie dynamo or motor shaft and the shaft to which it is 
to be belted should be placed exactly parallel and the 
centres of the two pulleys should be exactly opposite each 
other in a straight line perpendicular to the shafts. The 
machine should then be turned slowly by hand to see if the 
belt tends to run to one side of pnUey, in which case the 
macbine should be slightly moved until the belt runs in the 
middle of the pulleys and does not tend to work to one 
side. 

Rubber belt has 50^ more adhesion than leather. Bub- 
ber and canvas stretch continuously. For new leather 
allow ^i inch per foot for stretching. 

BfltB "creep" over pulley or loose speed about 2^. 
Hence in determining mm of pulleys when speed must be 

'■"■ut'i.iirningo them to mnkeapiied figure tiui 2^ too high. 

ttHcal C'oHnecHonn,—AB already stated these should 

•f carefully cleaned, and this may well be car- 

'le ext«!tit of rubbing them vigorously with clean 
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cloth or chamois skin. Any of the metal snrfaces used in 
making electrical contacts which are tarnished eboidd be 
brightened with fine sandpaper or by suraping them, bat 
all sand, metallic particles, etc., muatbe carefully removed 
afterwards. Partiolefl of sand or dirt are often left aooi- 
dentally between surfaces which should be in perfect con- 
tact. 

Wiving. — It is very desirable to have a thoroughly 
competent lineman or electriciau to connect a dynamo or 
motor to the circuit, see that everything ia properly ar- 
ranged and start the machine the first time. 




I 
I 



Fio. 4.— Wires Cakrikd on Porcelain, 

The connections should all he made in a substantial and 
permanent manner. Good quality of insulated wire should 
be naed and should be properly arranged and laid. 

Temporary, loose or poorly insulated wires or connec- 
tions are very objectionable. All circuits exposed to 
moisture should be supported on glasf, porcelain or other 
waterproof insulators. Circuits of over 250 volts even 
where not exposed to moisture should also preferably be 
carried on porcelain or similar insulators, as shown in Fig. 
4, and out of reach if possible, and the beet insulated wire 
ihonid be used. 

Low- voltage cirouila of 230 volts or under may be run 
'a wooden moulding or cleats where entirely nnezpoaed to 
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moisture. Wliere wires pass through walls, floors, ovef 
pipes or are otherwise liable to injury they should be pro- 
tected I ly bard-rul)ber tubine or ijther equally good cover- 
ing. Mo wire smaller than Ko. 8 B. <& S. gauge should be 
used for the arc current of 10 amperes, and other wirei 
should be in proportion; that is, they should have from 
800 to 1,200 circular mils per ampere. The former figure 
(800) is fur small wires, in cool places ; the latter figure 
(1,200) is fi>r wires carrying heavy currents or high volt- 
age and wires in hot places puch as ceilings of kitchens, 
etc, No wire smaller than No. 10 should ever be laid to 



f«rr«n?= ^ a jar a 
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mm mm 

Fia. S.— "Drop" on Branchino Ciecutts. 



carry any current from a dynamo (smaller wires may be 
used for primary battery currents) no matter how small 
the current may be. 

The above sizes of wire are rather larger than are gen- 
erally given but it is wise to have an ample margin. 
Failure to allow a projwr margin or factor of cafety has 
been the cause of most of the troubles in all braniihes of 
eleoirioal work. 

In addition to the above allowances for current capacity 
or the ability of wires to carry the current without over- 
heating, it is also necessary to consider the fall of potential 
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or "drop" on wiren. TLis loss ought not to exceed 5 per 
cent, in isolated plants, 10 p?r cent, in central station sya- 
tems, and about 20 per cent, in long-distance transmission. 
Thai is to say, the voltatre at the most remote point on the 
system should not fall below the voltage at the dynamo by 




Fid 6 —Double Pole Quilk Brbak Switch 

> than these percentages. A " wiring table " is given 
,t the end of this work for determining tfie size of wire re- 
quired in various cases. A simple rule derived from Ohm's 
7 applicable to all cases is, that the lost voltage obtained 



by mnltiplying the current 
total reHieiance of the circuit 
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at full load by the 
I mtiHi not be more 
than the given ptircentage of the voltage at the generator. 
In the case of a braDching cirouit, xhown in Fig. 5, or 
other case where the current is not the same througboui, 
the separate parla should be treated separately as indicated 
in the diagram. This calculation applies particularly to 
motors which are often put at the end of a long circuit or 
branch. 



J?e«^an*H -^nvnei 




' Fig 7.— Shunt Dynamo on Constant Potential Cihcdit 
I " WITH Lamps in Paballel. 



Switch €8 and Out-Outs.— Thu bases 
cm-Outs, etc., should be of slate, porcelain 
proof, non-poroua, insulating material. Oi 
potential t- miiltinle arc circuits, double-no 



of all switches, 
other fire- 



„ On all constanb- 

lultiple arc circuits, double-pol " '■ ' 



potential or multiple arc circuits, double-pole fusible out- 
outs should be put where each branch starts. On all con- 
stant-current or are circuits, double-pole cnt-ont switoheB 
-should be put where the circuit enters any building and 
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also near any motor or group of lumps on such oiroiiits. 
All high-voltage ciruuitsand any low- voltage (iiruait carry- 
ing more than three amperes should be contrulled by double- 
pole Bwilchea or cui-ouls whiuh eniirely disconnect both 
sides of the circuit, and they should also preferably have a 
"qaiok break," especially with direct currents. 

The exceptions to this rule are, first, eon slant- potential 
dynamoB which usually have single-pole knife switches, the 




other pole being permanently connected to the oironit ; and 
Becwnd, constant- potential motors which generally have 
fiingle-pole switches on the starting boxes, the other pole 
being always connected to the circuit. In the latter case, 
hower.er, it is recommended to also put a double-pole <]uiok- 
break jawitch in the circuit, as shown in Fig. 6. 



so Pi-netical Jdanoj^ement of 

Diaffrftmn of Connections are given in each Im- 
portant oaMf.! to Hhow the atrtual conneulions which are 
neoesHary. Btit when a madiine is to be "connected up" 
a competent eleutricul engineer eiiould be oonaulted or 
an exact diagram Hhould be obtained from the maker of 
the machine, ait its connectionB ma]r be peculiar aDd oanM 
aerioQB trouble. Diagrams merely reprtient the path of 




I.— Alteenatino Cdrbent Plant. 



the wirei) in the simplest way, the important thing in eleo- 
. trioal connections being lo/it'M parla or wires are connected, 
not /tow they are conneotfd. Whether the path be straight 
or crooked, vertical or horizontal, etc., is of no conaequenoe. 
Diagrams of the three most important cases of dynamo 
connections are here given. The uthiT diagrams of 
dynamos and motor ooDoections are given hereafter. 
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Shunt Dynamo 
OlrCHit 18 represenled i 
neutionn. The brii^lies b a 
oonduotorn forming tht; 



on Constant-Potential 

n Fig. 7 with the neot^iwary (ton- 
nd R are oonnected to the two 
ID oirouit, al'o to ihe field maa- 
net Coil§ through a reBintanoe bor to regulate llie streriglh 
of current and therefore the magnetisinin thefield- A volt. 
meter ia aUo connected to the two brunhea or main oon. 
duotors to meaanre the voltage or electrioat pressure be- 
tween them. One of the main conductors ib conneoted to 
an amperemeier whioh tneaaurea the total current on the 
main circuiL The laiupi are connected in parallel between 
the main oonduutors or branches from them. 

Series Dynnnto on Constant-Current 
Circuit, — The connectionB in this tace {Fig. 8) are 
[ extremely simple, the armature, field coils, amperemeter, 
[ main oirouit and lampx, all buitig connected in one series. 

Alternatinff-Ciirrent Plant.— Tbo proper oon- 
I neotionH in this case are eliowii in Fig. 0, in which the 
I names of the different parte ot the plant are given and 
vhich therefore requires no explanation. 

The diagrams of connections of all cases of dynamoi 
1 coupled together and of electric moturg are given in the 
[ ehapter on Starting where they are required to explain the 
L proper steps. 
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Chaptkr IV. 




DIRECTIONS FOR STABTIMO 

General. — Make sure that the machine is clean 
throughout, eppeuially the contmutator, brushes, electrical 
connectiona, etc. Remove any metal dast, as it is very 
likely to make a ground or shurt-circuit. 

Examine the entire machine carefully and Bee that there 
are no screws or other parts that are loose or out of place. 
Ste that the oil cups have a suflicivnt supply of oil, and 
that the paeaages for the oil are clean and the feed is at 
the proper rate. In the case of self-oiling bearings see 
" " " ! rings or other means for carrying the oil work 
8«e that the belt is in place and has the proper 
If it is the first time the machine is started it 
pibe turned a few times by hand, or very slowly, in 
» see if the shaft revolves easily and belt runs in 
of pulleys. 

truslies should now be carefully examined and ad- 

. .0 make good contact with the commutator and at 

^r point, the switches connecting the machiae 

rooit beicg left open. The machine should then 

d with care and brought up to full speed gradu- 

Vpossible, and in any case the person who starts 

la dynamo or motor should closely watch the ma- 

nd everything connected with it and be ready to in- 

f afaut down and slop it (and throw it out of circuit 

IS connected] if the least thing seems to be wrong, 

lould then be sure to find out and correct the trouble 

starting again. (See " Locating and Remedying 
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Starting a Dynamo. — Iq the case of a dynamo 

it id UHually brougbt up to epeed either by starting up a 
steam engine or by connecting the dynamo to a Bouroe of 
power already in motion. The foi'mer whouiJ of course 
onl;^ be attempted hy a peraoti competent to manage steam ^ 
engineii and familiar with the particular type in queBtion. 
This requires epeciaL knowltsdge acquired by experience, as 
there are many points to appreciate and attend to, the ne- 
glect of any of which might oause serious trouble. For 
example, the presence of water io the cylinder might 
knouk out the cylinder head; the failure to properly set the 
feed of the oil cups might cause the piston rod, shaft or 
other part to cut, or other grent or small damage might 
be done by ignorance or carelessness. The mere mechani- 
cal eonnectiug of a dynamo to a source of power is usu- 
ally Dot very difficult; nevertheless, it should be done care- 
fully and intelligently, even if it only requires throwing in 
a friction clutch or shifting a belt from a loose pulley. To 
put a belt on a pulley in motion is difficult and daagerous, 
particularly if the belt is large or the speed is high, and 
should not be tried except by a person who knows just how 
to do it. Even if a stick is used for this purpose it is apt 
to be caught and thrown around by the machinery unless 
it is used m exactly the right way. 

It has been customary to bring dynamos to full speed 
before the brushes are lowered into contact with the com- 
mataior, but there is no particular reason for this practice, 
provided the dynamo is not allowed to tarn baukwardo, 
which sometimes occurs from carelessness in starting, ami 
might injure copper brushes by causing them to catch in 
the commutator. If the brushes are put iu contact before 
Starting they can be more easily and perfectly adjusted, 
and the k. u. f. comes up slowly so that any fault or diffi- 
culty will develop gradually and can be corrected, or the 
machine stopped, before any injury is done to it or to the 
system. In f ai;t, if the machine is working alone on a sys- 
tem and is absolutely free from any danger of short-cir- 
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onhin^ &nj other machine or Btoraiie battery on the eame 

circuit, it may be started up coDnecled to the circuit, in 
which case the k. h. f. ami current feel their way, bo 
to ppeftk, through the whole system, and any Imublu mani- 
feats itself ao elowly that it can be tak^n oare of before 
serious injury resullM, 

If, however, a dynamo ia to be connected to another or 
to a circuit having oihtr dynamoa or a storage battery 
working upon it, the greatest care should be taken. Iti fact, 
this coupling together of dynamos can be done perfectly 
if exactly the correct method is followed, but ia likely to 
cause serious trouble if any mistake is made. 



Coupling Dynamos. — Two or more maohines 
are ofien connected to a common circuit. This is especially 
the case in electric lighting where the number of lamps 
required to be fed varies so much that one dynamo may 
be suiBcient for certain hours, but two, three or more 
machines may be required at other limes. 

Dynamos may be connected together either in parallel 
(multiple arc) or la series. 

Dynamos in Parallel,— In this case the -\- ter- 
minals ar« coiHiected tof;ether or to the same line and the 
— terminals are connected together or to the other line. 
The currents {i. e., amperes) of the machines are thereby 
added but the e. m. f. (volts) are not increased. The 
chief condition for the running of dynamos in parallel is 
that iheir voltages should be equal but their current 
capacities may be different. For example: A dynamo pro- 
ducing 10 amperes may be connected to another generating 
101} amperes, provided the voltages agree. Parallel work- 
ing is therefore suited to constant potential circuits. A 
dynamo to be connected in parallel with others or with a 
orage battery must first be broaght up to its proper 
M F. speed and other working conditions, otherwise 
■ill short-circuit the system, and probably burn oat 
nnature. Its field magnetism mast also be at full 
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atreiipth owing to the fact that it generatei no e. m. f. with 
DO ticlii magnetism. Honoe it is well to find whether the 
pole-pieces are strongly magnetised by testing them wilh 
a piece of iron, and make sure of the proper working of 
the machine in all other respeeta before connecting the 
armature to the circuit. It is quite c'>mmon for the field 
circuit to be open at Bome point and thus cause very 
serioua reRults. In fact, a dynamo Rhould iint be connected 
to a circuit in parallel with others until its voltage has been 




Fio. 10.— Shunt Dynamos in Parallel. 

tested and found to be equal to or slightly (notover 1 or 2 
per cent.) greater than that of the circuit. This test may 
bo made by first measuring the e. m. p. of the circuit and 
then of the machine by one voltmeter ; or voltmeters con- 
neoted to each may be compared. Another method is to 
connect the dynamo to the circuit throueh a high icsistanoe 
and a galvanometer, and when the latter indiuatea uo cur- 
rent it shows that the voltage of the dynamo is equal to 
that of the circuit. A roughpr and simpler way to do this 
is to raise the voltage of the dynamo until its "pilot 
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lamp," or other lamp fed hy it, is fully as bright as the 
laiiifiH OD the oiruuit, anil then ooanect the dynamo to the 
circuit. Of course the lamps compared should be iatended 
for the same vuliage and in normal condiliun. Be sure to 
connect the -|- terminal of the dynamo to the + wire and 
the — terminal to the — wire, otherwise there will be a 
vi;ry bad short-oircuiU 

When the dynamo is first connected in this way it should 
only Buppjy a small amonnt of current to the cirL'uit (as 
indicated by its ammeter) and its voltage should then be 
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gradually raifled until it generates ita proper share of ij 
tolal current. ~i 

\i the voltage of the dynamo is less than that of the 6. 
ouit, the current will flow baak into the dynamo and oaune 
it to be run aa a motor. If it ia shunt wound the direcitoa 
of rotation is the same, however, and no great harm results 
with a slight difference in voltage. Shunt machines are 
■'ereforepartioulaily suited to being run in parallel, Fig. 10. 



iries Wound Di/iiamos in PnrnUel.- 

4oLine ia series wound, thidback i 
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& reversal of field magnetism and motinn which ia v 
object ionable. In fact, seriea dynamos in paralltrl are in 
very nnslable pquJIibriam, because if either tends to gen- 
erate too liitle current tliat very fact weakens its own field 
which is in aeries, and thus ptill further redui'es its current 
and probably reverses it. One way to run series dynamos 
in parallel la to cause-each to ixcile the other's ti.ld magnet, 
as shown in Fig. 1 1, whereby if one generates loo much cur- 
rent it streDgthens the field of the other and oooBteracta 
itself, so to speak. 



Fig. 12. 
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The other way, Fig. 12, to run series dynamos in paral- 
lel, is to ctmneut togetiier the two -|- brushes by what ia 
called an "equalizer," an well as the two — brushes. By 
this means the electrical pressure at the terminals of the 
two armatures is made the same, and the currents in the 
two fields are also made equal. Series machines are not 
ofien run in parallel, but the principle'* just explained help 
tbe understanding uf the next casi', wljiuh is important. 

Compound Df/iifrmos in Parallel,— Since the 

field mugnuLs uf tuesu machines are wound with acnes 



M lyoftutit Miinagement of 

oniU ki well as »hntit, ihe conpling of them is a conil>mft- 
lion of lli« i:K8i:'» of ilid shunt and the aeries wound mauhines 
ju-t duirriUd. 

Fi}(. 13 rvfiresent^ two corapoand machines in parallel. 

Abfiuiuu tiial one iua<.'hine ia alre&<]y runidiig, tliat 
«wiu>lit'a f' in llio thiint oin-uit and s' iu the main lirouit 
Arv cloHcd, mill that armalure Ku. 1 is geneniiug its full 
vurriiii and fi-fding the tamps on the main circuit, the 
•luitit and HcriuD tirld ooUs of tlie machine carrying their 
propor ourrt'nl. Now to throw on the other dynamo, its 
armnture No. 3 is brought up to iiormal speed, switch V 
iMOloHdii, which exi'iies its sliunt cuJl. Switoh s, on the 
"t-quallKor" is then closed, which eioiles its series coil 
witli part of the main current from 'Ho. 1. The second 
mauhuie then gives its full voltage, and ita main switch e* 
to make it produce its share of the current for the main 
In then cloNi'd and the voltage of the machme is regnlaied 
olrcuit. It would l*e well to actually compare the voltage 
liuroni clositig the main switch, as just deseribed for Rhunt 
machint'N, making the voltage equal at first, so that the 
maohluu gonorateH liltte or no current, and then raise it till 
thd machine does ils share of the work. 

In diHCoiuiecliiig a machine the same steps are taken, 
only exactly in tlie reverse order. More than two com- 
pound uiaohinea may be run in parallel in this way by con- 
iivuting them in a precisely similar manner. 

Ooinpoiinil dyiinnuis of different size or current capacity 
may aIko bo oouplud in this way, provided of cuurse their 
voIUkch arc cpnil, and provided also that the resistancea 
(if the Herioa field coila are inver^ely proportional to the 
UUrriiul caiiacitiea of the i<everal machines, that is, if a dy- 
namo pnidiices twice as much current its series uoil should 
bavD liulf the rcsiHtance. 

The Hwili^h u is oTtin left closed all the time, in fact, a per- 

matu'iil "rqnriliKiiig, " comifcliun mny be made between 

Cyrri'it|"inditig linishes of two or innre machines. This 

'■e effect of "compounding" the dynamos collectively 
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instead of inilivi.inally. For example, when only one dy- 
namo is working, its current divifles among the serlea coils 
of all and tlieHe coils wili not Vie highly excited, when 
however all the dyniimos are working the whole current 
of each will pass through itSHeriea coil. Thuithe greatest 
field strength and therefore voltage is produced when 
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most needed — at full load. The equalizing condnctor 
should be able to carry at least half the full current of one 
dynamo. This meilioil of running ciini[mund dynamos in 
parallel is important because it makes the effect of the 
series coil proportional to the total load, not to the load on 
each maohine. This is particularly desirable in central 
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stations or where the ciynamos nre " ovoroorapounded.'*^ 
Coin|iuurid dynamos run in parallel in this way, as 
well as Hhunt luachineK, tend to stead? each other, for if 
one hapi'eiiB to run loo fast, it has to do more worlt which 
oppoHtiH the incruatte of xpetd, anil it also takes part of the 
loaii off the other maobiTiea which will therefore tend to 
run faster, thus jiroduuiag eqiinlity. Tliis inutual regula- 
tion will take care of any eliglit differenue between ma- 
eliinea such as the slip of bell, but the difference must not 
be great. 

Alternators in Parallel. — Since the alternating 
current consists of wavcH, it is necessary, in order to prop- 
erly counucl alternatora together, that they should agree 
in two respects — first, in Jreijueucy or the number of 
waves proiiuoed per second, and second in phase, that ia, 
they should be at corresponding points of the current 
waves at the same instant. The case is precisely similar 
to that of two persons walking; together, they should not 
only have the same rate but they uhould also be in step. 
If an alternator is thrown into circuit with others when 
not in phase it will cause several severe fluctuations in the 
lamps, and then the machines will bring each other ioto 
unison since they exert a mutual ooTitrol on each other, 
similar to that just described in the case of coitipound ma- 
chines, only much stronger. In fact, an alternator resists 
being thrown out of stei> with others by an amount equal 
to the full torque or puil required to drive it. 

Ttierefore to throw an alti^rnatur into circuit with others, 
bring its speed up to the proper point, rej^ulaie the field 
exciting (-urrent to make the voltage of the machine equal 
to that of the circuit, 

The phase may then be determined by connecting ore 
lamp to the secondary circuits of two transformers at the 
same time, one in circuit with the machine to be'' switched 
ill and the other on the inaiti cin-uit. The secoml.'iries of, 
sav, 60 volts each should be connected in series with each 
other and to a luu-volt Ump. Whcu the machines are 
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Opposed the lamp iBdim,and vice versa. If the lamp flickers 
badly the phase is not right, but if the lamp is eteady the 
machine is in phase and it may be coDDeot«d br closing its 
main Bwitoh 7itboat disturbing the oircait. If dynamos 
are rigidly conueoted to eaoh other or to the eD>;ine bo 
that they necessarily run exactly together, there is no need 
of bringing them into step each time, but they should be 
adjusted to'tbesame phase in thefirst place. 

JDynamos in Series, — This arraDgement is much 
lesd Common than parallel working and does not usually 
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operate so well. The conditions are exactly opposite in 
the two cases. 

To connect machines in series the -{• terminal of one 
muBt of ouume be oonnecLed to the — terminal of the neit 
and so on. If dynamos are in series each of them munt 
have a current capacily eqii^l to the maximum current on 
the oircait, but ihey may differ to any extent in k. m. p. 
The voltages of macliines in aeries are added together, ami 
therefore danger to persons, insulation, etc., is increased 
in proportion. 



H P-ractknl MnnngtmtiU of 

Shuiit or Compound Dynamos in Series 
may be run well, provided the shmu tield coils are conneuted 
together lo form one ehunt across both machines as in- 
dioated in Fiy. 14. 

Series Wound Dynamos in Serifs may ba 

connected ii the simple way represetiied in Fii^. 15, but 
usually maoMnea are connected in aeries for arc lighting 
when, for example, two forty-light dynamos are run on 




<me oirouit of eighty lamps, in whioh case the dynamos 

naually have some form of regulator. These regulators do 

not work well together because they are apt to " see-saw " 

with each other. This difficulty may be overcome either 

by connecting the regiiiatora so that they will work together 

or by setting one regulator to give full g. m. f. and let 

ither alone control the current. This latter plan can 

he followed when the variation in load does not 

the power of one machine. 
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Alfernators in Series. — The same mutaal regu- 
lating tendency whivh makfa alternators run well in par- 
atl«L cauxes them to get out of step and become opposed to 
each otfaer in series. It is impracticable to run tbeni in 
st-rieB unless they are rigidly connected to run exactly in 
phase so tliat tliey add their waves of current instead of 
connteracting each other. This is a case that rarely 
arises in practice. 
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Fig. 16.— Three- Wipe System, 

DynamoH on Hie Three-Wire System {IM~ 
red Current). — In the ordinary three-wire system for 
incanilescent lii^hting as represented in Fig, IH, no par- 
ticular precautions are required in starting or connecting 
dynamos. As a matter of fact the two dynamos are in- 
dependent of each other and work on prat-tically separate 
eirouita. Dynamo 1 feeds the circuit formed by the 
mains marked + and x, and dynamo 2 feeds the circuit 
formed by mains n and — , The " neutral " wire H men ly 
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acts as a common contactor for >>oth circnits. The b. )L 
F. on ea(.-h of these circuits sliould of course be Icipt c«d- 
elant at the prescribi^d voltage and thf refure equal. The 
curreDt on the two circuits or "sidea" of the By^lem a* 
they are called, should t)e kept as nearly eq'ial as possible 
by diHiribnting the lamps equally betwci^n them. Any 
difference in current eithtT w.iy ib carried by n. One dy* 
namo may be run alone on ooe side of the eystetn and tfaa 
only efft^ct of throwing on the other dynamo is to redoes 
the "drop" or fall of potential on the wire N. Iq fact if 
the load is e<jual on bolh sides there is practically no our* 
rent or drop in n. If dynamos are put on the circuit is 
parallel aUo — for example, two in parallel on eaoh side of 
the pyrtem, making four dynamos m all, then the machines 
on each side are managed dimply as dynamos in parallel, 
as previously described. In i^tarting np dynamos on the 
three wire system, it is better to start one machine at a 
time and get that working properly as already described, 
and then put on a maoliine on the other side of the system 
to keep the two sides even. The addition of dynamos in 
parallel on each side phould also be done singly juiit aa on a 
simple two-wire circuit. 

Starting JHotors. — The general instructions relat- 
ing to adjustment of brushes, screws, belt, oil caiis, etc., 
given in tne beginning of this chapter should be carefully 
followed preparatory to starting a motor. 

The actual starting of a motor is UNually a simple matter 
since it consists merely in operating a switch, but in each 
case there are one or more important points to consider. 

Constant Potential Motor (Shunt Wound). — A 
motor, t<i run at constant speed on a constant potential cir- 
cuit (a 1 10- volt incandescent lighting circuit, for example), 
is usually plain shunt wound. This is the commonest form 
of stationary motor. The iiild coils are wound with the 
right size of wire to take the proper magnetizing current 
as in the case of a shunt dynamo, and, since the yoteptia! 
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a ooDBtant, the field etrenjrth ia cnnRtant. Shniit coils 
must Dot, be uned however if the poteniial is more ihan 6 
per cent, higher, or 20 per oeiit. lower, ihan that for which 
they are intended, as statied elsewhere. 
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FiQ. 17.— Shunt Motob on Coksptant PoTENniL Cmcurr. 

Throwing the field into circait is therefore simple, but 
the current in the armature in starting is quite diliiiiuJt to 
lake oare of, because the rfsistance of the armature is very 
low in order to get high efKcienoy and constancy of speed, 
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and the rniih of current Ifaroiigh it in ntartincr might be 
ten or more liues tlie normal number of amperes. To pre- 
vent ttiia exoensive current, [nulors are starieil on coiidtsiDt 
poteutial circuits through a rhi-OBtat or "atartinij boi," I 
containing resistance coik aa repretietited in Fig. 17. The I 
main wires are connecleil tlirough a branch cut-out (with j 
aafety fusem) and preferably a1t>o a double-pole quiuk-break I 
BWitch q, to the raotor and boi ae indicated. When the I 
switch Q is closed and the arm s is turned to the right, the 
field circuit is closed through the contact strip f and the 
armature circuit is closed through the reeiatanoe ooiU a, a, 
a which prevent the rush of current referred to. Tbe 
motor then starts and as its speed riset), it generates & 
counter E. M. f. so that the arm s can be turned further 
until all the renislance coils a, a, a, are cut out and the 
motor is directly connected to the circuit and running at 
full epeed. The arm s should be turned slowly enougn to 
allow the speed and counter k. m. p. to come up as tb« 
resistances a, a, a are cut out. The arm s should positively 
close the Held circuit first so that the magnetism, reacb^^ 
its full strength {which takes several seconds) before tb^ 
armature is connected. 

The oV>j'-ct of the resistance^ is explained nnder " Stof" 
ping Motors." The coils a, a, a, are made of fine wii*^ 
which can only carry the current fur a few seconds ia ^ 
"starting box"; but if the wire is large enough to ear^*^ 
the full current ooiitinuously it is called a "regulator" ^'J 
rheostat because the arm n may be plaoed so thit eome *^^ 
the resistances a, a, a, remain in circuit and they will haV^ 
the effect of reducing the speed of the motor, 

Conatant Potential 3lotor (Series Woundl.-— — 
The ordinary electric railway motor in the 500- volt troll^^ 
aystem is the chief eaample of this class. Molors for eleO- 
trio elevators and hoists are either of this kind or tb& 
previous one. A similar rnsb of current tends to oouur 
when this type of motor is started as in the case just 
deauribed, but it is somewhat leas because the field coiU 
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are in eeriea &nd tbeir resistance rednoes the exc^Bs. The J 
essential connections in ibie caae as indicated in Fig. 18, 
are very simple, the armaturp, field ooila f f, and rheostat, 
all being in eerlea and carrying the same current. The 
eertea wound motor oo a constant potential circuit doea not 
have a constant field strength and doea not tend to run at 
coDi-tanl speed like a shunt motor. In faut it will "race" 
and tear itsflf apart if the load is taken off entirely, it is 
therefore only suited to railway, pump, fan or other work 




Avhere variable speed is deaired and where there is no dan- , 
,ger of the load being removed or a belt slipping off. 

Constant Potential Motor (Differentially 
"Wound). — This ia a shunt wound motor with the addition 
of a coil of large wire on the field and connected in aeries 
■with the armature in such a way as to oppose the magnet- 
izing effect of the shunt winding. 

It was formerly ranvh. used to obtain very constant 
speed, but it has been found that a plain shunt motor is 
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etiffioicntly aoDBtant ftr nlmo^l a'l oases. The dlfferentUI 
motor hna the great di>a'lv!in[ab;e tliat, if overloaded, the 
uiirrent in the opposinj^ (srrit's) Held coil becomes so great 
Rn to kill the tield magnetism and tlie armatare slows 
down or atopH and is liable to burn out ; whereas a 
pi. tin shunt motor can increase its power greatly fori 
minute or bo when overloaded and will probably throw 
oS the belt or carry the load until it decreases to the normal 
amount. 

Constant Current Motor. — The oommoneat ex- 
ample ia a series wound nioior on the arc circuit. The 
connections are shown in Fig. 19. Tiie pwitch 1 is to en- 
tirely diaeonnect the circuit fro(n the building in case of fire 
or other emergency. By simply turning ihe other switch S 
the motor ia siarted or stopped, and since the current ia 
constant the motor may be overloaded or heldstdl without 
injury, whereas a constant p-itential motor would burn out. 

The precaution neeersary is never to touch the machine 
with current on, as the e. m. f. ia probably high and very 
dangerous. Turn off the awitch to fit the machine, A 
constant current motor should be provided with an effective 
centrifugal governor for controlling the speed, otherwise 
it will run away when the load is taken oS, like a series 
motor on a constant potential circuit. 

Alternating Current Motors.— The^e have not 
been \ery eitenaively used up to the present time, al- 
though a great va,riely of forms have been tried or sug- 
gested, Alternaliug motors are required to run on constant 
potential circuits since almost all alternating current 
systems are of this kind. But with alternating current 
there ia no trouble from theruab of current which tends to 
occur in starting a motor with a constant potential direct 
^rreiit, because the sel f- in d action of the field and armature 
B prevents it. There are several types of alternating 
^nt motors. The simplest of theae is a plain aeries or 
tjBUbiae the same as for direct current, except thftt 
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tbe field raagnet is laminated as well as the armature. The 
trouble with this type, whioh has been used commercially in 
email sizes, is that bad sparking is apt to occur when the 
brush pattses from one coiiimutatur bar to the next and 
sbort-oireuitB a uuil wbich has alteroating currents gener- 
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Fia. 19.— SEBIE3 Motor on Con9ta.nt Cubrknt Cmomr, 

&ted in it by the reversals of the field magnetism. An ordi- 
nary allcrnaiing current dynamo can be used as a motor 
but ilB speed must be brousilit to agree with the current 
alternations b<;fore it will run, and then if it loses this 
exact speed it stops, and is therefore unpractical. In the 
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Tesia and other similar motor8 the effect is obtained by a 
rotary current, but this requires two or more currents of 
different phase and usually a special three-wire system 
would have to be put in before such motors could be 
operated. 
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DYNAMOS AND M0T0B8. 



After one of these machines has been properly started as 
described in the previous chapter, it usually requires very 
little attention while running, in fact a dynamo or motor 
frequently runs well all day without any care whatever. 

Ill the case of a machine which has not been run before 
or has been changed in any way, it is of course wiae to 
watuh it closely at Grat. It is also well to give the bear- 
ings of a new machine plenty of oil at first, but not enough 
to run on the armature, commutator or any part that would 
be injured by it, and to run the belt rather slack until the 
bearings and hult have gotten into eai^y working condition. 
If possible, a new machine should be run without load or 
with a light one for an hour or two, or several hours in the 
case of a large machine, and it is always very objection- 
able to Rtarta new machine on full load. 

This is true even if the machine has heen fully tested by 
its manufacturer and is in perfect oondiiion, because there 
may be some fault in setting it up or oiher circumstance 
which would cause trouble. All machinery requires some 
ailjustment and care for a certaiu time to get it into smooth 
working order. 

When this condition is reached the only attention re- 
quired is to supply oil when needed, and see that the 
machine is not overloaded. The person in charge should 
always be ready and sure to detect any trouble such as 
sparking, the heating of any part of machine, noise, ab- 
normally high or low speed, before any injury is caused 
and to overcome it by foUo^^ing the directions given in tlie 
chapter devoted to these troubles. Those direotioas should 
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be pretty tborouglily committed to miDd in order to facQi- 
tate the prompt deieoiion and remedy of any trouble when 
it suddenly octuia an is apt to be the case. If possible the 
raaehiue should be shut down instantly when any trouble 
or indioation of one appears, in order to avoid injury and 
give time for examination. 

Keep all tools or pieces of iron or steel away from the 
machine while runninsr, au ihey mieht be drawn in by the 
magnetism and perhaps get between the armature and 
pole-pieces and ruin the machine. For this reason use a 
zino, braes or co^iper oil-can instead of iron or "tin" 
(wMoh last is merely iron coated with tin). 




EuBBER Tape or Tdboio. 



TTever lift a commutator brush while machine ia rnnning 
aB it might make a bad burnt spot, unless there is one or 
more other brushes on the same side to carry the current. 

Touch the bearings and field coils occasionally to see 
that they are not hot. To determine whether the arma- 
ture is running hot, place the band in the current of air 
thrown out irom the armature by centrifugal force. 

fersonal Safety, — Never close a circuit through the 
body. An accidental contact may be made throngh the 
feet, hands, knees, or other part of body in some peculiar 
and unexpected manner. For example, men have been 
killed because they were sitting on a condaoting body. 
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Rubber gloves or rabber shoefl, or both, Bhoiild be used 
in handling circuita over 600 V"lt8. The safest plan in not 
to toDch any conductor while the current ia on, aod it 
should be remembered that ihe current may be present 
when not expected, due to an aoeidental contact with some 
other wire or a change of connections. Tools with insu- 
lated bandies, Fig, 20, or a dry stick of wood should be 
nsi-d inntead of the bare hand. 

The rule to use only one hand when handling dangerous 
electrical conductors or apparatus, is a very good one, 
because it avoids the chance, which is very great, of mak- 
ing contacts with both hands and getting the full current 
right through the body. This rule is often made still more 
definite by saying, " Keep one hand in the pocket " in order 
to make sure not to use it. The above precautions are often 
totally disregardfd, particularly by those wlio have become 
careless by familiarity with dangerous currtnts. The 
result of this has been that almost all the persons acci- 
dentally killed h;/ ekctrieity have been experienced elec- 
tfic linemen or station men. 
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DtBECnOKS FOB STOPPISO DTHAHOfi AST> XOTOB8. 

This 18 ftccomplished by following subotsntially the came 
roles as those given for elarting dynamos and motnrs iii 
Chapter IV, only in the reveree order. But there are 
certain peculiar points to be observed in each cise; sn, in 
order to avoid any possible mistake, the matter of iitopjiing 
is treate<l in thin separaie chapter. After any machine k 
stopfied it shi.tald be thoroughly cleaned of dirt, copper 
dost and oil and pat in perfect order for the next run. 
Switobep, broNheR, etc., should be fixed so that they will 
not accidentally close the circuit. 

One Constant Potential I>ynanio {Shunt, 
Series or Compouml Wound) running a/uMe on a 
circuit with no danger of reoeiving current from any 
other dynamo or battery, should be slowed down and 
stopped without touching the switches, brnshes, eti^., in 
which case the k. it, f. and current decrease gradually to 
zeroastl-'* speed goes down. The switches may then be 
opened md the brn^bes lifted witbont any spark. In the 
oa»e of copper brushes this should be done just before the 
machine stops entirely, in order to avoid any injury to 
them if tlie machine turns back a little as sometimes occurs. 
Never switch out or diNconneut a dynamo at full or even 
partial load except in extreme emergency, and the braslieci 
nhotiM never be raised while the fields are strongly mag- 
ni<tixei] ax the discharge of the magnetism may break lamps 
or pi«rc« the insulation. 

Oynawoj* in Parallel. — To stop a dynamo mo- 
il parallel with one or more others or with a i 
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battery on the Bsme circuit (usually conBtant potential) 
resulaie down iia b, m. f. until it is only slightly greater 
than that of the circuit ^about one per cent.) and its 
amperemeter shows that it la producing very little current; 
the switch connecting it to the circuit should then be 
quickly opened. Under no ci re am stances, however, whould 
a dynamo in parallel with others or a battery he slopped, 
slowed down or have its field magnetism discharged or 
weakened {i. e., more than enough to regulate its e. u. p. 
as stated) until ita armature is completely discotmucted 
from the circuit, as it might be burnt out or driven as a 
motor if its e. m. f. fell more than a few per cent. 

Compound Wound Dynamos in Parallel 

may he stopped by exactly revtrsini; the method fnr start- 
ing (Fig. 13) but if as there euggfsted tlie " e<jiializer" 
(h. Fig. 13) 19 left closi'd all the time the machines may 
then be stepped like simple shunt machines in parallel, as 
just described. 

Dynamos on the Three~Wire (Direct) Sys- 
tem are also stopped like dynamos on any constant poten- 
tial circuit as explained in the chapter on starting. 

Constant Current Dynamos and Motors in 

series may be cut out of, or into, the circuit without trouble 
and may be slowed down or stopped ■without disconnecting 
them from the circuit as the current is limited. If desired, 
the field coils may be short-circuited to stop the action of 
the machine while in circuit. The only precaution, and 
that is absolutely imperative, is to maintain the continuity 
of the circuit and never attempt to open it at any point aa 
it would cause a dangerous arc. Hence a constant current 
machine must be cut out by tirHt closing the main circuit 
around or past the machine and then entirely disconnecting 
it from the circuit, that is, both its wires or terminals. 

One Alternator running alone on a circuit may be 
stopped or the field current shut ofE without trouble. 
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Alternators in JParallel may be discoDnected 

from tbe oircun without the ditticulty which is foand in 
throwing them on, Lecauae it is not necessary to get them 
in phase. 

A Constant Potential Motor is stopped by turn- 
ing ihe starting liox handle back to the position it had 
before slartinji (t'ig. 17) or if there ia a switch connecting 
motor to the ciruuit it may be opened. In the latter case 
a con si durable spark will occur, bat if it is a, "quick-break" 
switch it may be belter able to stand the spark than the 
starting box. The strictly best way is to turn the starting 
or regulating box arm back to the last contact point, which 
puts all the resistance in circuit, and then open the quick- 
break switch. 

Either of these three ways is perfectly safe and the one 
may be adopted which trial shows to work best and burn 
contact points the least. A constant potential motor like 
the corresponding dynamos when in parallel, should never 
be stopped or mui^h reduced in speed or have its field dis- 
charged or weakened until it is disconnected from the cir- 
cuit, otherwise its counter e. m. f. ia not enough to prevent 
an excessive current from rushing through its armature. 

Thus it will be seen that tbe constant potential machine 
is exactly the opposite of the constant current. The former 
is safest when the circuit is open and it is very bad to short- 
circuit or stop it with the current on, whereas the latter'is 
safest when the circuit is closed, and the machine may be 
stopped or short-circuited while in circuit, 
stopped or shorUjircuited while in circuit. But the dyna- 
mo supplying the circuit tnusl have an efEective regulator 
to maintain the current of uniform volume, no matter how 
many iatnps or motors are cut into or out of the circnit. 



DIBKCT10N3 FOK TESTING DYNAMOS AND MOTOES. 

The matter of testing dynamos and motors is of apecial 
importance since it is only by a thorough teat that either 
the manufacturer or the user can deteraiine whether a cer- 
tain machine is up to the standard. Nevertheless it is 
difiioult, if not impossible, to find in books or journals any- 
thing like a complete system of testing methods applicable 
to dynamos or motors. Each electrical raannfactarer or 
engmeer has collected by experience certain methods, but 
these usually apply to particular forma of machine or test- 
ing apparatus and moreover are often guarded as trade 
secrets. 

The following methods cover the various facts abont a 
dynamo or motor which one is likely to want to test. 
Under each heading exact mcthodB are given which should, 
of course, always be preferred; but wherever possible we 
have also given simple, rough methods for emergencies or 
other cases in which a dynamo or motor may have to be 
tested without the accurate and expensive instruments re- 
quired for the more refined methods. 

This subject differs from our chapter on "Locating and 
Remedying Troubles in Dynamos or Motors," in the fact 
that the other relates to actual faults which are already 
apparent, whereas testing applies to any machine whethei 
in perfect working condiiiou or containing some latent fault 
which a test brings out and anlicipates. The testing 
methods here given can also be used as supplementary to 
the methods for locating troubles in cases where a more 
complete investigation may be desirable. In testing any- 
machine it is well to follow as nearly as possible the direo- 
tions given by its maker and trj it under the conditions 
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for which it is intended, ir. regard to voltage, onrreiit, 
speed, etc. TeHts of dynamos and moiore may cover any 
or all of the following points: 

1. Adjttattnent and fit of parts. 

2. Jtfechatiical Stvetiffth of parts against breakiti|f,a 
or displacement. 

3. Friction of bearings and brushes. 

4. Balance of armatare and pulley. 

5. Noise. 



/ 



y. Yoltage, k. m. f., " drop " or fall of potential, el 
8. Current in fitld, armature free and loaded. 
B. Speed of armature, free and loaded. - 
10> Torque or Pull, standing or running, v 
■ 11, IPoweVf electrical and mechanical. 

12, Effldency, electrical and oommeroiaL 

13. Seating of armature, field magnet^ bearings, e 

14. Sparking at commutator. 

15, JUagnetism, total flux, intensity, leakage . 
diBtribation. 

10. JAne OT Circuit testing for resistance, i 
tion, faults, etc 

1. Adjustment and the other points which depend 
merely upon mechanical coniitruction are hardly capable of 
_ bein g investigated by a regular quantitative test, but they 
tnd should be determined by thorough inspection. In 
kvery careful examination of all parts of a machine 
".Iways precede any test of it. This should be done 
sons, first, to get the machine into proper con- 
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ditinn for a fair test, and second, to determine whether the 
materials and workmaimliip art) of iirstclaHS quality and 
Hatmfactory in every respect. A loo^u Burew or connection 
miglit inierferewithagood test, and a poorly fitted liearinff, 
bru»h holder, etc., might show that the mauhine was badly 

If it is necespary to take the machine apart for cleaning 
or JiiB[jei:lioii the greatest care should be exercised in mark- 
ing, numbering and placing the parts in order to be sure 
to get them together in exactly the same position as before. 
In taking apart or putting together a machine, only the 
minimum force should be used. Much force usually means 
that something wrong is being done or in a wrong way. A 
wooden mallet is preferable loan iron hammer, since it does 
not mar or strain the parts bo much. Usually screws, nuts 
and other parts should be set up fairly tight but not light 
enough to run any risk of breaking or straining anything. 
Shaking or feeling each screw or other part will almost 
al ways show that some one or more of them are too loose or 
too light, or otherwise out of adjaalment 

fi. Mechanical Strength of a dynamo or motor is 
best ppecihed by stating that it i-hould be above question. 
The base, bearings, shaft, armature, field magnets and other 
main parts of the machine should not spring even one one- 
hundredth of an inch with any reasonable force that may 
be applied to them. There has long existed a craze for 
very light dynamos and motors, as a result of which, strength, 
rigidity, durability and satisfactory qualities in general 
have been sacrificed to reduce weight. There is certainly no 
sense in this. For stationary machines and even for ship 
dynamos or railway motors good solid frames, bearings, etc., 
aie much better than light ones. 

The magnetic attraction between the field and armature 
is often very great, and may amount to hundreds, or even 
thousands, of pounds. This tends to draw the pole-pieces 
against the armature, or spring the armature shaft if the 
srmatare is even slightly nearer one pole-pieoe than the 
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otber. It is well to magnetize the field bf patting t 
proper current through its coils and see if it produces any 
redaction of the clearance or other displacement that is 
appreciable to the eye or even to any ordinary measurement. 
The effect of the maximum pull of the belt or aoy other 
legitimate streNS may be tested in the same way. 

lu addition to this all the parts of the machine should be 
Rcrutinised to see if they are of adequate size and proper 
proportion. 

5. Friction. — The friction of the bearings and brashes 
can be ti-sted roughly by merely revolving the armature by 
hand and noting if it requires more than the normal amount 
of force. Exceflsive friction is quite eawly distiuguished 
even by inexperienced persons. Another method is to oause 
the armature to revolve by hand or otherwise and see if it 
continues to revolve by itself freely for some time. A well- 
made machine in good condition will continue to run for 
one or more minut^es after the turning force 13 removed. 

A method for actually measaring llie friction consists in 
attaching a lever (a bar of wood, for example) to the shaft 
or pulley at right angles to the former. The force re- 
quired to overcome tlie friction and turn the armature 
without current is then determined by known weights or, 
more conveniently, by an ordinary spring balance. The 
friction of the bearings alone, that is, the pull required to 
turn the armature when the brushes are lifted off the 
commutator and there is no current or magnetism in the 
field, should not exceed 1 per cent, of the total torqne or 
turning force of the machine at full load. When the 
brashes are in contact with the commutator with the luaal 
pressure, the fnctiou should then not exceed 2 per cent, 
that is, the brushes themselves should not consume more 
than 1 per cent, of the total turning force. When the field 
magnetinm is at full strength, and tlie brushes are on the 

loimutatfir, the maximum friction or pull required to 
the armature should, then, not exceed 4 per oenL 
Otal torque, 
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This torqne or pall in pounds in the case of any maohint 
may be calculated by the formula : 



Tor,™ = j 



i X Ji X iS 



in which h. p. is the horse power of the maohine at fall 
load, M is the radius or length ia feet of the lever uHed in 
the tegt, and S is the speed of the machine in revolutions 
per minute at full load. 

Another method of measuring the friction of a machine 
is to run it by another machine u^ed as a motor and de- 
termine the volts and amperes required, firi^t, with brushes 
lifted oS and no field magnetism ; second, with brushes on 
oommntator but no magnetism ; and third, with full 
strength of field magnetism giving maximuai friction. The 
torqae or force exerted by the driving machine is after- 
wards meaRUred by a Prony brake in the manner described 
hereafter for testing torque ; care being taken to make the 
Prony brake meaBnremunts at exactly the same voiu and 
amperes as were required in the friccioa testa. In this 
way the torques which were exerted by the driving machine 
to overcome friction in each of the three first tests are 
determined, and these torqaea compared with the total 
torque of the machine being tested, as calculated by the 
formula just given, should give percentages not esoeeding 
those stated above for the maximum values of friction. 

Testa for friction alone should be made at a low speed 
because at high speeds the effect of Fuucault currents and 
hysteresis enter and materially increase I he apparent 
friction. 

4. Balance, — The perfection of balance of the arma- 
ture or pulley can be roughly tested by simply running the 
machine at its normal speed and noting if these parts are 
sufficiently well baUnced not to cause any objectionable 
vibration. Of course, practically every machine produces 
wrceptiblg vibration when running, but this should not be 
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more than a Might trembline. The balance of a macbfDe 
c*n Vie Hefiiiilvly tfled aua the exteot of the vibration 
meaNurtd by BtntpeDciing tbe machine or mounting it on 
wheels and running it at full epeed. In this case il is 
better to run ihe machine as a motor, even though it be 
actually a dynamo, in order to make it produce its own 
motion, so to H|ieak, and avoid tbe necessity of running it 
by a belt whi<-h would caupe vibration and interfere with 
the test. If, however, the use of a belt is unavoidable, it 
should be arranged to run vertically upward or downward 
so as not to produce any horizontal motion in addition to 
the vibration of the machine itself. Fig. 21 showx a 
machine bunir up to be tested for balance and run either aa 
a motor or by the vertical belt indicated a^ a dotted line. 
Any lack of balance will cause the machine to vibrate or 
swing horizontally, and this motion can be measured on a 
fixed scale. 

5, Noise. — This cannot be well tested quantitatively, 
although il is very desirable that a machine should make 
aa little noise as posMble. Noise is pnnluced by iho vari- 
ous causes given in the chapters on Locating Fanlta. The 
machine should be rnn at full speed and any noise and its 
cause carefully noted. 

6. Electrical Resistance. — There are two principal 
classes of resistance letts that have to be made in connec- 
tion with dynamos and motors. First, the resistance of 
the wires or conductors themselves, which might be called 
the fnetallic resistance; and second, the resistance of the 
insulation of the wires, which is called the inmlation re- 
S'stance. The furmer should usually be as low as possible, 
the latter should always be as nigh as possible, be- 
cause a low insulation resistance not only allows current 
to leak, but also caui^es "burn-outs" and other accidentA 
Ikletallio resistance, such, for example, as the rrsistance of 
the armature or field coils, is commonly tested i ither liy the 

"faeatatone bridge or the " drop " (f^ill of potential) 
od. 
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The Wheatatone bridge, Fift, 23, is Bimply a number of 
branch circuits conDecied ^» indicated in Fig. 22. a, b and 
c are resistances tbe values of which are known, u is the 
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the key K ia closed. The value of the regiBtanoe d^^Eb^^^* 

found by multiplying together resistancea c and b and divid- — 

ing by aj that is, d = — — -. A very convenient form of this -^ 

apparatus is what ia known as the portable bridge. This ■■ 

ooDBists of a box containing the three seta of known resist- — 

aiiaeBA,BatidcountroUedbyplag8,alfio the galvanometere -• 

and key k, all connected in the proper way. In BOme oa^ea -v 

the perfection of convenience 18 reached by including the « 

battery k in the box also, bat ordinarily this is not dote ^i 

and it ia neoeasary to connect one or two cells of battery — ' 

to a pair of binding poBts placed on the box for that purpose. — 

ResiAtanceB from -^ ohm to I0ri,000 ohms oaD be con- — 

venieutlyandaocuratelymeaBuredby theWheatstonebridge. — 

Below ^ ohm the resistanceB of the coniaeta in the binding "3 

poatsand plugs are apt to cause errors. In fact, in measuring "S 

anyresiBtance care should be taken to make ihe connections -^ 

cleanand tight. The ordinary bridge will not nieaBure above ^s 

100,000 ohms because if the resistance in the arm b is 100 ^O 

ohms, 1 ohm in a, and 1,000 ohms in c, thenc is 100,000. — 

Sometimes the arms a and b are provided with 1,000-olim — ^ 

ooila in addition to the usual I, 10 and 100 ohm coils, or "^ 

Bometimea the arm c contains more than 1,000 ohms in all; ^ 

in either case the range will be correspondingly increaBed. — 

The bridge may be used for testing the resistance of almost -^ 

any field ooila that are found in praolioe. Shunt fields for -" 
110-volt machines usually vary from about 100 or 200 
obms in a 1 h. p. machine to about 10 or 20 ohma in a 100 
h. p. machine. If the voltage is higher or lower than 

^lO these resistances vary in direct proportion. Serie* ^_ 
fi«Ms for arc circuit dynamos or motors vary from about ^^| 
^ t^ So ohms. ^H 
"he bridge may also be used for testing the armature ^^H 
I ^j*""**"™ of most maohines. But 1 lo-volt shunt machines 
^^« 10 li.p, usually have rcaiBiances below -j^j ohm, which 
^«>W the range of the bridge, as already Btated. Higher 
*9^ dynamoa and motors have proportionally higher 
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X^aistance armataree. Arc niauhines Iiave armatures of 
^boat 1 to 20 ohma reeistauue and are therefore easily 
"tested by the bridg'e. 

The " drop " or fall of potential method ia well adapted to 
"t^fiting the annature reBiBtaDce of large incao descent dyna- 
xnos or the resistance of contact between coraniulator and 
"brusbea or other reaiatances which are usually only a few 




I 



Pio. 33.— Portable Whkatstone Bbidqb. 

hundredths or even thousandths of an ohm, Thia conaists 
in passing a current through the armature and a known 
rexiatanoe of, say, y^^ ohm connected in series with each 
other, as represented in Fig. 24. The "drop "or fall of 
potential in the armature and in the known resistance are 
then compared by connecting a galvanometer first to the 
terminals marked 1 and 3 and then to 3 and 4. The de- 
fleotions of the needle in the two cases are proportional to 
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the TesiHtaDceB. The current needed depends npon the 
senaittveDeaB of the galvanometer, but ehould not require 
more than a few celln of hattery. If a galvanometer is not 
at band, the drop method can bo used with a strong current 
and a voltmeter, the oonnectionH being the same as in 
Fig. 23. The current required in this case depends upon 
the reBiBtance to be meaaured, but it must of course be snf- 
iicipnt to produne a readable deflection on the voltmeter. 
Usually 10 to 100 amperes and a voltmeter reading to a-^l 
single volt or fractions of one volt are needed for low f 
resiHtances. 

It is wise to start with a small current and increase itj 
until a reasonably readable deflection is obtained on thgil 




Fia. S4. 

voltmeter. The current may be obtained by using a cell 
of storage battery, or a few cells of some strong primary 
battery such aa a plunge battery, Unnsen or bichoromate 
battery. 'I'he current may aiso be taken from another 
dynamo or from a circuit, but a bank of lamps or a liquid 
resistance should then be used to control the current, as the 
armature alone, of course, has very little reHiHtanoe, A con- 
I venien t form of liquid resistance for this purpose is described 
oreafter in the directions for testing current (No. 8.) 
The in'-ulation resistance of a dynamo or motor, that is, 
"■sistance between its wires and its frame should be at 
gohm per hundred volts £. M. f., and it is, of 




id it is, of ^^ 
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I, better if it ie much higher. It ia therefore beyond 
the range of ordinary Wheatstone bridge tests, but there 
are two good methods ■which are applicable — the "direct 
deflection " method and the voltmeter method. The 
direct deflection method is carried out by connecting a 
Benaitive galvanometer such as a Thomson high resistance 
reflecting galvanometer (tripod or square pattern) in eeriea 
with a known high rcBistanoe, usually a 100,000 ohm 
rheostat, a battery and a key as shown in Fig. 25. The 
galvanometer should be shunted with the -j-Jj- coil of the 
shunt 80 that only -j^Tnr "^ ^^^ current passes through the 
galvanometer, the uiaehiue being entirely disconnected, 
The key is closed and the steady deflection noted. It ia 
well to use only one cell of battery at flrst and then increase 
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the number if necessary until a conaiderable deflection is 
obtained. One of the wires is then connected to the binding 
post or commutator of the dynamo or motor and the 
other to the frame or shaft of the machine as indicated by 
dotted lines. The key ia closed and the deflection noted. 
Probably there will be little or no deflection on account of 
the high insulation resistance, and the ahunt is changed to 
^, \ or left out entirely if little deflection is obtained. In 
changing the shunt, the key should always he open, other- 
wise tlie full current ia thrown on the galvanometer. The 
insulation is then calculated by the formula: Insulation 

resistance =^ - ■ ■ — — — , in which D ia the first deflection 

d 
without the machine connected and ^ the deflection with 
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the inBulalian in tlic circuit, li tbe known bigh reBistancB 
and S the ratio of the Blinnt. That is, if the ehunt is -j^ 
in tbe first teat and f in the seconii, then Sia 100, and 
if the Bbtmi ia out entirely in the second test S is 1,000. It 
is safer to leave tbo high resistaoce in circuit in tbe second 
test to protect the galvanometer in case tbe inaalatiou 
resistance is low. Tlierefore this resistance must be enb- 
traded from the result to obtain tbe insulation itself. B7 
the above method it is possible to measure 100 megohms, 
or even more. The wires and connections should be care- 
fully arranged to avoid any possibility of contact or leakage 
which would spoil the test. 

The voUmeter test for insulation resistance reqaireB a 
sensitive high resistance voUmeter suub as the Weston. 




Take, for example, the 150-volt instiumont which usnally 
has about 15,000 ohms reBistanoe; apply it to some oirouit or 
battery and measure the voltage. This should be as hi^b 
as possible; say, 100 volts. The insulation reaistance of the 
machine is then oonneuted into the circuit as indicated in 
Fi(5. 26. The deflection of the voltmeter is then reduced 
proportion to tbe value of tbe insulation resistance. 
iueulatioD is then found by the equation : Insulation 

loe = — ^ B^ in which JD is the first, and 

md deflection and Ji the resistaaoe of the volt- 
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metfer. If the circuit is 100 volts then D is 100 ; and if </, 
the deflection through the iiiBulation n-BUtance of the 
mschine, is 1 division, then the insulation ie: (lOO x 15,0.tO) 
— 16,000 = l,4Bj,liOO ohms. This method does not tfSt 
very high resistances, but if little orno deflection is obiained 
through the insulation resistance it shows tbat it is at least 
several megohms, which is high enough for practical 
pnipoaes. 

1 he ordinary magneto bell may be used to test inenlatloa 
by eimply connecting ore terminal to the binding post of 
the machine and the oiher to the frame or shaft. 

A magneto bell is rated to ring through a certain resist- 
ance, usually from 10,000 to 30,000 ohms, and if it does not 
ring it shows ihat the insulation is more than that amount. 
This limit is altogeiher too low for proper insulation in 
any case, and therefore this test is rough and really only 
shows whether the insulation is very poor or the machine 
actually grounded. 

7. Voltaffe. — There is no convenient way of testing 
voltage except by means of a voltmeter. Unfortunately 
a really satislactory voltmeter is rather an ex[iensive in- 
strument. A good voltmeter bhould be very accurately 
calibrated because an error of one per cent, in the voltage 
of an incandescent circuit is objectionable, whereas the same 
error would be insignificant in almost any other practical 
measurement. A vultmetf r should have as high a resistance 
as possible — at least several hundreds or thousands of ohms — 
in order not to take too much current which might lower 
its reading on a high resistance circuit. It should not be 
affected by the magnetism of a dynamo or motor at any 
distance over foiii or iivefeet. Tbe voltage of any machine 
or circuit is tested by merely counectmg the two biudmg 
poBts or termmals of the voltmeter to ihe two terminals 
or conductors of the machine or circuit. In the case of a 
dynamo or motor the volimeler is ucuallv apjilied to the 
two main binding posts or l.rn^hes of (he machine to get 
the external voltage of the inacbiue. Tbia external voltage 
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ia wbat a dynamo supplies to the circnit and it ie what a 

motor receives from the circuit. This is called the pole 
differeijce of potential or terminal voltaije and is the actanl 
figure upon which calculations of the etBciency, capaoiiy, 
etc., of any machine are based. 

A dynamo for constant potential circuits eliould, of coursf , 
give as nearly as possible a constant voltage. A plain shuni 
machine usually falls from 3 to lO per cent, in voltage when 
its current is varied from nothing to full load. This is due 
to the loss of voltage in the resistance of the armature, 
which in turn weakens the field current and magnetism; 
armature reaction and reduction in speed usually occur also 
and still further lower the external voltage, but of course 
this variation is very undesirable. A compound-wound 
dynamo choiild not fall appreciably from no load to full 
load; Id fact, if it is "over-compouniieil," it should rise two 
or three per cent, in voltage to make up for loss on the 
wiring. The voltage of a constant current dyoamo or motor 
is not important. The current should be carefully measured 
by an amperemeter, I ut little or no attention is jiaid to the 
voltage in practical working; in fact, it changes constantly 
with variations in the load. It is of course necessary, 
however, to measure it for a test of efficiency or Other 
exact tests. 

A very simple and fairly accurate method of measuring 
voltage is by means of ordinary incandescent liiuipa. A 
little practice enables one to tell whether a lamp has its 
proper voltage and brightness. In this way it is easy to 
tell if the vo taje is even one or two per cent, above or 
below the normal point. Voltages less than the ordinary 
can be tested by usini? low voltage lamps or by estimaiiug 
the brightness of high voltage lampH, For example, a 
lamp begins to show a very dull red al one-third and a bright 
red at one-half its full volt^tge, Voltagfs hiiiher than that 
of one lamp can be tested in this way by using lamps in 
series. In fact, even 1,000 or mure volts can be measured 
by using 10 or more lamps in series. 
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8. Outwent, — This ia, of course, measared by me 
of ao ampere meter, and this insirument is usually cheaper 
than a voltmeter beoaiise it only contains a compara- 
tively small am.ouDt of wire, and does not ordinarily 
require to be aocurate v ithin one or two per cent. In test- 
ing the current of a dynamo or motor all that is necessary 
is to connect an araperemt-tpr of the proper range in aeries 
with the maohin^j to be tested so that the whole current to 
be measured passes through the instrument. To test the 
current in the armature or field alone, the amperemeter is 
connected in series with the particular part In the case of 
a shant-wound dynamo it is well to entirely open the 

I external circuit in testing the current used in the field coils 
in order to avoid mistake, for the same reason the brushes 

I of a shnnt motor should be raised while testing the current 
taken by the field. In a constant current (series wound) 
dynamo or motor the same current flows through all parts 
of the machine and the rest of the circuit, consequently the 
measurement of current is very simple. 

I In testing the current produced by a dynamo it is often 

I quite a problem to consume it. A bank of lamp^, for ex- 
ample, to use the whole current generated by a dynamo of 

■ 110 volts and 200 amperes would be very expensive. A 

I sufficient number of resistance boxes for the purpose would 
also be very costly. The simplest and cheapest means to 
consume a large current is to place two plates of metal or 
carbon in a common tub or trough filled with a very 
dilute solution of sulphate of soda or sulphuric acid. 
Themainconduetorsareconnectedto the two plaies, respec- 
tively, and the current passed through the solution. The 
resistance and current are regulated by varying the dis- 
tance between the plates and the depth they are immersed 

, in the liquid. The energy may be suflicient to boil the 

i liquid but this does no harm. As high as three nmperes 
per BO. inch of exposed surface may be allowed. Strengthen 
solution or move plates together for low voltages. 
9* Speed. — This is usually tested by the well-known 
j speed meter or speed counter which consists merely of a 
little spindle which turns a wheel one tooth each lime it 
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revolves. The point of the epindle is held against the 
oeotrenf theshaft ofthedj'namoormotorfuracertaia time, 
Bay, one minute or one half niiniite, and the number of 
revolutions is read oS from the position of the wheel. 

Another itiotrument for measuring number of revolutions 
per minute is the tachometer. Tlie stationary form of this 
instrument is shown in Fig. 2", This requires to be belted 
by a string, taps or li^ht leather belt to the machine the 
speed of which is to be tested. If the aines of the pulleys 
are not the same, their speeds are inversely proportional to 
their diameters. The portable form of this instrument is 
applied directly to the end of the shaft of the n 
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like the speed meter. These instruments possess the g 
advantage over the speed meter that they in wtantly point 
■ in the dial to the proper speed and they do nut require to 
be timed for a certain period. 

A Biraple way to test revolutions per minute ia to make 
one large black or white marken the belt of a machine and 
note how many times the mark paxses per minule; the 
lenglh of the belt dividtd by the ciruiiniference of the 
pulley gives the number of n-voliitions of the pulley for 
each time the mark paNReH. If llie machine has no belt, 
it can be supplied with one temporarily for the purpose of 
tbe test, & piece of tape wilh a knot or an ink mark \ 
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anfiQoient. Care shonld be taken in all theee tests of speed 
with belts, not to allow any slip; for example, in the case of 
the tape belt jant referred to, it should pass aroand the 
pulley of the machine and some light wheel of wood or 
metal which turns so easily as not to cause any slip of the 
belt on the pulley of the machine. 

JO. Torque or Pull is tested in the case of a motor 
by the use of a Frony brake. This consists of a lever l l 




Fig. S3. 



of wood clamped on to the pulley or shaft of the machine 
to be tested, as indirated in Fig. 28. The pressure of the 
Bcrewa s s is then adjusted by the wing nuts until the fric- 
tion of the clamp on the pulley is sutHuient to cause the 
motor lo take a given current and run at a given speed. 
Usnally the maximum toruue or pull is the most important 
to test and this is obtained in the case of a constant poten- 
tial motor by tightening the screws s s until the motor 
draws its full current as indicated by an amperemeter. 
What the full current should be, is usually marked on the 
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name plate; if not, it maybe assamed to be abont 8 an]pere§ 

per h. p. for IlO-volt motorp, 4 amperfs per b. p, for 220- 
volt and 1 J ampere per h. p. for 500-volt motore. The 
torque or pull is then meaHured by known weiKhlR, or mure 
oonvenienlly by a spring balani;e p. If desired, Ihe test 
may also be mcide at tbree- quarters, one-balf or any other 
fraction of the full current. 

The torque or pull of a constant current ra''tor is found 
by a<)juating the ecrewas b until the armature runs at its 
uuriiial speed. 

The torque or pull of a dynamo, that is, the force required 
to drive it, is tesLed by a transmission dynamometer. There 
are several forms of this apparatus but none of them are 
very satisfactory. In the cradle dynamom.eier the dynamo 
is placed on a platform which is hung on a pivot or ful- 
crum. The axis of the shaft of the dynamo is adjusted bo 
that it exactly coincides with the axis of the pivot or ful- 
crum. When the dynamo is run by a vertical belt, the 
pull or torque tend^ to cause the dynamo to tarn about 
its axis of suspension, and the force of this torque is 
measured by the amount of weights required to keep the dy- 
namo and platform horizontal. In a moditied form of the 
cradle dynamometer the dynamo is placed in a water-tight 
box which floats in another bos Hiled with water, instead 
of being hung on a pivot. It is usually much easier to 
test the torque of a dynamo by running it as a motor and 
testing it by the Prony brake method described above. The 
torque of a dynamo is practically equal to that of a motor 
under identical conditions. 

11, Power. — The electrical power of a dynamo or— 
motor is found by testing the voltage and current at tins 
terminals of the machine, as described in sections T and 8 o^ 
thia chapter, and multiplying the two together, which gives 
•i" electrical power of the machine in watts. These watts 
^.ed by 746 are then converted into horse power, thus ; 



Horse power = 



■olts 



ampere 
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I The meohanical power of a dynamo or motor, that is, the 
power required for or developed by it in found by multiply- 
^gitB torque or pull, determined as described in the previous 
'^ragrapb, by its speed, determined aa described in section 
4 of the preet-nt chapter, and by the circumference of the 
IHrirole on which the torque is measured, and dividing by 
.83,000, that is — 

^Horae power = ^^— ^ "-^^ ^ -^in which Pis the torque 

*^ 33,UiiO 

3ti pounds, S the spped in revolmions per mioute and Ji the 
k»diiia at which Pis measured. 

■ 12' Mfflciency. — This is determined in the case of a 
iftynamo by comparing the mechanical power required to 
flrive it by the electrical power generated by it, that i" — 

T^a; - * ] ' Electrical power 

Efficiency of dynamo = — — -i; --. 

, Mechanical power 

. TheefEciencyof a motor is the mechanical power developed 
by it divided by the electrical power su pplied to it, l\ta,\ is — 
Efficiency of motor = Mechanical powev ^ 
i-lectrioal power 
kji These are the actual or commercial efficiencies of these 
ibachinea and should be about S)0 per cent, in machines of 
^0 h. p. and over. 

feThe so-called "electrical efficiency" is misleading and 
little practical importance and should not be considered 
commercial work. The mechanical and electrical power 
m the above equations are determined as described in 
Uie last section. 

J.3' Seating, — This is measured by applying a thermo- 
neter to the various parts of the machine, after it has run 
lit full load for one or two hours, in fact a large machine 
does Dot reach its maximum temperature until it has rnn 
(tor three or four hours. 

The bulb of the thermometer is applied directly to the 
ifwe of the field coil or other part. To test the armature 
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it must, of courae, be stopped. The thermometer bulb 
should be covered over with a bunch of waste or cloth to 
keep in the heat. The temperature of the armature, fieJd 
coils, bearings, etc., should not rise more than 40° C. or 
79° F. above that of the surrounding air. A very simple teat 
of heating is to apply the hand to the armature, etc., and 
if it can be kept on without great discomfort, the temper- 
ature ia perfectly safe. (See" Heating" in chapters on 
Locating Faults.) 

14. Sparking at the oommntator cannot be aotually 
measured, but it is a very important matter and in anytest 
it should be carefully observed whether the sparking in 
excessive or not, and if ao, what it ia due to. {See "Spark- 
ing" in chapters on Locating Faults.) 

15. JUafjnetism. — Magnetic measurements are diffi- 
cult to make with the ordinary apparatus uaed in practical 
work. The proper method of testing magnetism is with 
the ballistic galvanometer. To test the magnetic leakage 
in a dynamo or motor, for example, acoilof wire oonnected 
to the galvanometer ia put around the field magnet and the 
current in the field is stopped the deflection of the galvano- 
meter needle being noted. A coil of the same number of turns 
is then put around the armature and the swing of the 
galvanometer is again noted. The firat deflection is to the 
second as the number of linea of magnetic force in the field 
is to those in the armature, provided the angles of deflection 
are only a few degrees. 

An ordinary detector galvanometer can be used for this 
work if it is not damped by wings lo prevent its swinging 
freely. A low-voltage Weston voltmeter or the calibration 
coil of a high-reading one, can also be used very con- 
veniently for magnetic mea'iurementa in place of the galvano- 
meter as dpBoribed by A. S. Ivea in the Electrical World, 
"an. 2, lt.92. 

"*. Line or Circuit testing for resistance, inaii- 
. current, voltage, etc., is performed by exactly the 
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same methods as those jast described for making the cor- 
responding tests on dynamos and motors. For example, in 
testiDg the insulation resi^tanoe of a line or circuit, one 
wire is oonnected to the line and the other to the ground 
(a gas or water pipe is convenient for this purpose) instead 
of connecting one wire to the commutator and the other to 
the frame of the machine as described for testing the insu- 
lation resistance of a dynamo, otherwise the test is exactly 
the same. 




LOCALIZATION AND REMEDY 



TROUBLES IN DYNAMOS or MOTORS. 



INTRODUCTION. 

Thk promptness and ease witli which any accident or 
difficulty with electrical machinery may be dealt with, 
whether by the iDspector of constrnction or by the o]>era- 
tor in charge of ruDning, will always Lave much to do with 
the success of the )ilant and of those dependent upon it. 
It is therefore likely that any method to eliminate or re- 
duce these troubles would be very welcome to those 
handling dynamos and motors. With the oViject of ob- 
taining such a method, we have prepared a list of 
troubles, symptoms and remedies, based ujion quite an ex- 
tensive experience with the various types and sizes of dyna- 
mos and motors in common use. 

It is evident that this subject is somewhat complicated 
and difficult to handle in a general way, since so much de- 
pends upon the particular conditions in any given case, 
every one of whi<m must be included in the table in such 
a way as to distinguish it from ali others. Nevertheless, 
it ia quite remarkable how much can be covered by a system- 
atic and reasonably simple i^tatement of the matter, and 
we feel confident that nearly all of the cases of trouble 
most likely to occur are covered by the table, and that the 
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detection and remedy of the defect will result from a 
proper application of the rnles given. 

It frequently happens that a trifling oversight, aiich as 
allowing a wire to slip out, of a binding- post, will cause aa 
much annoyance and dtlay in the am of electrical machin- 
ery aa the most seriouH accident. Other troubles, equally 
simple but not as easily detected, are of frequent occur- 
rence. In suoh cases a very slight knowledge on the part 
of a man having the machine in charge, guided by a cor- 
rect set of rulec, will enable him to overcome the difficulty 
immediately and nave much time, trouble and expense. 

It must not be supposed tbal this method for treatiDg 
dynamo and motor troubles is given because these machines 
are particularly liable to such dlDic utiles. On the contrary, 
DO machine in existence is mechanically simpler than the 
dynamo or motor. The only wearing parte about the ma- 
chine, with the exception of the commutator and brushes, 
which are specially made to stand almost unlimited wear 
without interfering with the action of the machine, are the 
two bearitige. In this respect, therefore, the dynamo or 
motor is as simple as an ordinary grindstone, and infinitely 
simpler than a steam engine, which often has a dozen or 
more oil cups and several dozen wearing parts. Even a 
sewing mauhine Is far more complicated mechamcally than 
any dynamo or motor. In fact, it would be UHcless to 
attempt to give a method fur detecting and curing dynamo 
and motor troubles if it were not for the fact that these 
machines consist of very few parts, which makes it reason- 
ably possible to locate the trouble, 

1'be rules are made, as far as possible, self-explanatory, 
but a statement of the general plan followed and its mout 
important features will facilitate the understanding and 
ise of the table. 
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from each other. A careful and thorough examinatioo 
tihould first be made, and an far as po^^Hthle one ahould be 
perfectly sure of the facts, rather than attempt to gueaa 
what they are and jump at oonclueiona. Of course geDeral 
precautioDB and preventive measures should be taken 
before any troubles occur, if possible, rather tlian wait until 
a ditHciilty has arisen. For exam|ile, see that machine is 
not overloaded or running at too high voltage, and make 
cure that the oil cups are not empty. Keglect and care- 
lessiness with any machine are usually and deservedly fol- 
lowed by accidents of some sort. 

Tbe general plan of the table is to divide all dynamo 
and motor troubles which are liable to occur into eight classes, 
tbe headings of which are the eight most important and obvi> 
ous bad effects produced in these machines, viz : 

yo. 1. Sparking at Comtnutator. 
No. 3. Ileatintf of Armature. 
Ifo. 3. Heating of Field Magnets, 
No. 4. Heating of Bearings. 
No. S. Noise. 

No. 0. Speed too hlf/h or low. 
No. 7. Motor stops or fails to startm 
No. 8. Dynamo fails to generate. 

Any one of these general effects is very obvious, even 
to the casual observer, and still more so to any one making 
a careful examination, and everyone of these effccls is 
perfectly distinguishable from any of the others without 
the least difficulty. Hence, this c 1 ass iH cation is perfectly 
deBnite and makes it easy to tell, almost at the first glance, 
under which one of theseheads any trouble belongs, thereby 
eliminating about seven-eightbs of the possible cases. The 
next step is to find out which particular one of the six or 
eight c»sea iq this pUss is responsible fof the (rouble, TbUf 
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of course, requires more careful ex ami rati on, bot, nevAT^ 
theltBf, can be done vilh CGini>arative eape in moat cat«B. 
Of course one eauBe may jirodiice two effects, and, viee- 
versa, oue effect may be iirodiieed by two caiiNes ; but the 
table is arranged to cover lliis fact as far as possible. In 
a very complicated or difficult case it is well to read 
through the entire table and note what causes can possibly 
apply, and they will generally not be more than two or 
ihree, thfn proceed to pick out the partiwilar one by fol- 
lowing the directions which show how each case may be 
diKtingnUhed from any other. The table is intended for 
the une of those who build, test, install, own or operate 
electrical machinery, and all statements apply equally well 
to both dynamoa and motors, unless otherwise specially 
noted. 
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SPARKING AT COMMUTATOR. 

1. Ctinse. — Armature carrying too much current, due 
to {«) overload (for example, too maoy lamps fed by 
dynamo, or too much mechanical work done by conKtant- 
potenlial motor); or {b) excessive voltage on a constant- 
potential cirouit or excessive amperes on a conatant-current 
circuit. In the case of a motor on a constant- potential cir- 
ou-it, any friction, such as armature striking pole-pieces or 
shaft not turning freely, will, of course, have the same effect 
as overload in producing exceaeive current. The armature 
of a motor on a constant- cur rent circuit does not tend to 
heat more when overloaded, because the current and the 
heat it produces in the armature (c' n) are constant. In 
fact, armature can be stopped with full current without 
injury except loss of ventilation. 

Symptom, — Whole armature becomes overheated and 
belt very tijjht on tension side and sometimes squeaks, due 
to slippingou pulley. Overload due to friction is detected by 
stopping machine and then turning it slowly by hand. See 
Heating of Bearings and Noise, Ko, 3. 

REMEDY.— (c) Reduce the load; (d) decrease the size 
of driving pulley, or (e) increase the size of driven pulley; 

if) decrease magnetic strength of the field in the case of a 
ynamo or increase it in the case of a motor. If excess of 
current cannot sat iaf acton ly be overcome in any of the 
above ways it will probably be mcussary to change the 
machine or its winding. Overload due to friction is elimi- 
nated as described under Heating of Bearings and Noise, 
Ko.3. 
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St Cause. — Drushes not set at t/a neutral poinL 

Symiitotn. — Sparking varied by shifting the briuhee 
with rocker- arm. 

REMEDY.— Carefully shift brnBhes back and fortii 
iiniil epaikiiig is reduced to a miiiirnuin. Tliiii may bu 
done by eiinijly moving the rouker-arra, provided lliB 
brunhea are set bo as to touch diameirically opposite poiiii-> 
oa the comnaiitaior. If the brushes are not exactly o|i|m>- 
site they should be made fo, tlie proper poinis of oiiiitat'l 
being determined by countmg the commutator harb 
measuring with a piece of string or paper. 





3> Cause — Commutator [a) rout/h, (5) eccentric, or (c) 

has one or more "high bars" projecting beyoud tke others, 
or (d) one or more flat bars, commmily called "flats," 
any one of which causeit brush to vibrate or to be actually 
thrown out of contact with commutator, (Figs. 1, 2 and 3.) 

Symptom.— {e) Note whether there is a glaze or 
polish on the commutator, which shows smooth working; 
(/) touch revolving oommntator with tip of fingpr and iha 
1 ast roughness is perceptible. If the machine runs at bish 
voltage (over 250) the cpmmutator BhoulJ be touuhe^ i " '*" 




e touuhe4 iM^H 
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& Binall stick or quill to avoid danger of shock. In the case 
of ail eccentric commutator, careful examinatioo eliowg a 
rise and fall of the bruoh when commutalor turns slowly. 



REMEDY.— Smooth the commutator 
sandpaper (in latter ca 
never use emery), or if ■ 
trio, turn it off with a i 

In order to have the 
well it is desirable to h; 
back and forth about 



th file or fine 

ful to remove sami and 
mutator iw very rough or eccen- 
cut in a lathe. 

mutator wear smooth and work 
the armature shaft move freely 
xteenth or an eiglith of an inch 
in the bearings, and the position of the bearings pulley, 
collars and shoulders on the shaft and of the ronchine with 
respect to the belt should be such an to cause this to take 
place of itself. (See Jleating of Bearings, No. 6.) 



iiake poor contact with 



4. Cause. — Brushei 
tutor. 

Symptom, — Close examination abows that brushes 
toueb only at one corner, or only in front or behind, or 
there is dirt on surface of contact. 

REMEDY.— Filp, bend, adjust or clean brushes until 
they rest evenly on commutator with considerable surface 
of contact and with sure but light pressure. 



5. Cause. ^ — Short-circuited coil i/i armature. 

Symptom. — The particular commutator bar connected 
to short-circuited coil in burnt by the spark which occurs 
when brush passes over it. 

The short-circuited coil is heated much more than the 
Others, and is very apt to be burnt out entirely; therelore 
■top machine immcdiiitely. If necessary to run machine 
to locate the short circuit, one or two minutea is long 
enough, but it may be r peated until the heat of the hbort- 
oirouited coil is found by louchmg the armature all over. 
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Considerable power is required lo run armature free, 
iron screwdriver or other tool held nearUie revolving 
armature vibrates perceptibly as short-circuiieil coil 
passes. Current pulsates and torque is unequal at dif- 
ferent parts of a revolution, these being particularly 
noticeable when armature turns rather slowly. If a lar^ 
portion of the armature is short circuited the heating is 
diHtiibuted and liarder to locate. In this case a motor 
runa very slowly with very little power, but full field mag- 
netism. {For dynamos, see Dynamo Fails to Grcnerate, 
No. 3.) 

REMEDY. — A short circuit is often cau!)ed by a piece 
of soldiif or other metal getting between the coramatator 
bars or their conneutiomj with the armature, and some- 
times the insulation between these bars is bridged over by 
a particle of metal. In any such cai^e the troulile ih easily 
found and corrected. If, however, the short circuit is in 
the coil itself, the only real cure is to rewind the ooil. 

In an emergenoy a short-circuited coil may be tem- 
porarily cut out by connecting together the two commu- 
tator bars lo which its terminals are connected or the two 
adjacent coils, as de>!oribed in the Remedy for Sparking, 
No. 0, But be sure to unwind or open the circuit of the 
abort -circuited ooil, aa otherwise the trouble will 
continue. 

6. Cause. — Sroken circuit in armature. 

Sytnpfowi. — Commutator flashes violently while run- 
ning and commutator bar nearest the break is badly cut 
and burnt, but in this case no particular armature coil 
will be heated, as in the last case {No. 5), and the flashing 
will be very mueh worse, even when turning slowly. This 
trouble, which might also be confounded with a bad case 
of "high bar" or eccentricity in commutator (Sparking, 
No. 3), is distinguished from it by slowly turning the 

mature, when violent flashing will continue if circuit is 
'«D, bat not with eccentric commutator or even witb . 
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*' high har," uiileBs the latter is very bad, in which case it Ib 
easily felt or«een, 

REMEDY.— The broken circuit is usually found 
-where armature wires coniit'ct with commutator, and not 
in the cnil itself, and the break may be repaired or the 
loose wire may be resolilered or screwed back in place. 
If the broken commutator connection cannot be fixed, then 
connect the disconnected bar to the next by solder, or 
" stagger" the brnshes ; that is, put one a little forward 
and the other back so as to bridge over the break (b'ig. 4), 
If the break is in the coil itcelf, rewinding is generally the 
only cure. But this may be remedied temporarily liy con- 
necting together by wire or solder the two commutator bars 




FiQ. 4.— Staqoerec 



or coil terminals between wliich the break esistw. It is only 
in an emergency that armature coils should be cut out or 
commutator bars connected together, or other makeshifts 
resorted to, but it sometimes avoids a very undesirable 
stoppage. A very rough, but nevertheless quick and 
simple, way to connect two commutator bars is to hammer 
or otherwise force the coppers together across the mica 
insulation at the end~of the commniator. This can be 
afterwards easily picked out and smoothed over. In 
carrying out any of these methods care should be taken 
not to short circuit an armature coil, which would cause 
SparkiDg, Ko. 6. 



n Localization and Remedy 

tt CaUBe> — Weak Jield magnetiam. 

Symptom,. — Pole. pieces not HtroDfjly magnetio when 
tested wilh a piece of iron. Point of least sparking is 
ehifted considerably from normal position, due to relatively 
Blrong distorting effect of armature magnetism. Speed of 
a motor is usually high unices magnetism i^ very weak or 
nil, in whioh case a motor may run slow, slop, or even run 
backwards. A dynamo fails to generate the full e. h. f. 
or current. The particular cause of trouble may be found 
as follows; A broken circuit in tLe field is found by purposely 
opening the field circuit at some point, taking care to first 
disconnect armature (by putting wood under the brashes, for 
example) and to use only one hand to avoid shock, and if 
there is no spark there must be a broken circuit some- 
where. A short circuit is found by measuring the resiat- 
ance roughly to see if it is very much less tban it should 
be, and usually a short circuit is confined to one magnet 
and will therefore weaken that particular one most, and a 
piece of iron held half-way between the pole-pieces will be 
attracted to one more than the other. "Grounding" is 
practically identical with short circuiting, since one ground 
would not produce this effect until another occurred, and 
then we should have a double ground, which is equlvalmit 
to a short circuit. 

REMEDY. — A broken or a short circuit or a ground 
is easily repaired if it is external or accessible. If ii is 
internal the only remedy is to rewind the faulty coil. 

(See Speed Too High or Low ; Motor Stops or Fails to 
Start ; Dynamos Fail to (venerate.) 
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Chapter II, 
HEATING IN DYNAMO OR MOTOR. 

GKNKKAL INSTRUCTIONS. 



I 



The degree of heat that is injiirioiia, or even objection- 
able, in any part of a dynamo or motor ia fortunately very 
easily and quite definitely determined in ordinary practioe. 
All that is necessary is to place the hand on the TariuuB 
parts, and if it can remain without discomfort the heat is en- 
tirely harmless. But if the heat is unbearable for more than 
a few seoondu, the safe limit of temperature has been passed, 
and it should be reduced in Fome of the ways that are 
given below. If the heat haa become so great as to pro- 
duce an odor or smoke, the xafc limit has been far esceeded, 
and the current should be shut off and the machine stopped 
immediately, as this indicates a serious trouble, such as a 
short-circuited coil ora tight bearing. The machine should 
not again be started until the cause of the trouble has been 
found and positively overcome. Of course neither water nor 
ice should ever be used to cool electrical machinery, except 
possibly the bearings in large machines where it can be 
applied to the bearings as a cooler without danger of wet- 
tiuK the other pans. 

The above simple method will answer in ordinary cases, 
but, of coarse, the sensitiveness of the hand differs, and it 
makes a very great differenue in the feeling whether bare 
metal or cot ton -covered wire is touched. The back of 
the band is more sensitive and less variable than the palm 
for this test. But for accurate results, a thermometer 
should be applied and covered with waste or cloth to keep 
in the heat. In proper working the temperature of no parts 
of the machine should rise more than 40° C. or T2° F. 
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above the temperature of the surronnding air. If tte 
actual temperature of the machine reaches boiling point, 
100° C. or 212° F., it ia tteriouBly high. 

It is very important in all caRes of heating to locate cor- 
rectly the source of heat in the exact part in which it is 
produced. It is a common mistake to Buppoae that any 
part of a machine which is found to be hot is the seal of the 
trouble. In every case all parts of the machine should lie 
felt to find which is the hottest., eince heat generated in one 
part is rapidly diffused throughout the entire machine. It 
is generally much surer and easier in the end to make ob- 
servations for heating by starting with the whole machine 
perfectly cool, which la done by letting it stand for one or 
more hours, or over night, before making the examination. 
When ready to try it, ran it fast for three to five minutes, 
then stop and feet all parts immediately. The heat will 
then be found in therightplace,asitwillnot have had time 
to diffuse from the heated to ihe cool parts of the machine. 
In fact, after the machine has run some time any heating 
effect will spread until all parts are nearly equal in tem- 
perature, and it will then be almost impossible to locate 
the trouble 



Cbapter IIL 
HEATING OF ARMATURE. 



1. Caase. — Excessive current in armature coib. 
Symptom ami Remedy the same as Sparking, No. 1. 



3. Cause. — Short-circuited armature coils. Symptoi 
and Remedy the same as Sparking, No. 5, 



3. Cause. — Moisture in armature coils. 

Symptom. — Armature requires considerable power 
to run free. Armature steams wlien hot, or feels moist. 
This ia really a special case of Ko. 2, as moialure baa the 
effi-ct of short circuiting the coils through the inaulatioQ. 
Measure insulation of armature. 

REMEDY. — Dry the armature in a warm, but not hot, 
place. This may be done very neatly by passing a current 
through tfae armature, which should be regulated so as not 
to eicited the usual armature c 



4, Cause. — FbucauU currents in armature core. 

Sytnptotn. — Iron of armature core hotter than coils 
after a short run, and considerable power required to run 
armature when field is magnetized and no load on armature. 
This may be distinguished from No. 2 by absence of spark- 
ing and absence of excessive beat in a particular coil or 
ODils after a short run. 

REMEDY. — Armature core should be laminated more 
perfectly, which is a matter of first construction. 



L 



increase 
more wire or 
n the e*ae of a series- wnand 
of, or otherwise decrease, the ciir- 



HEATIHG OF FIELD MAGNET. 

1. CkoS®. — EaxatieeatrmU in Jield circuit. 
Symptotn. — Field ooUs too hot to keep the hand on. 
REMEDY- — In the ca^ie of a shant-wonnil maohine 

decrease the voltaee at terminals of field coils, 
the resi^itance in field circuit by windinj 
potting resistance in series. * ' 
machine, ehant a portion of 

rent paiisins: ihroagfa field, or take a larer or more of wire 
off the Gel'l cuiis, or rewind with coarser wire. This 
troable might be due to a short circuit in field coils in the 
case of a shunt-wound dynamo or motor, and would be in- 
dicated bj- one pole-piece with the short-circuited coil being 
weaker than the other; one of the coils woald also probably 
be hotter than the other; bat this can only be remedied by 
rewinding sh on-circuited coil Measure resistance of field 
ooila to Bee if they are nearly eqitaL If the difference ia 
oonsiderable { L e. more than 5 or 10 percent.) it is almost 
a nure sign that one or both coils are short circuited ^^ 
double-grounded. ^^H 

2. Canse. — FbucauU currents in pokpiecet. ^^B 
Symptom. — Pole -pieces hotter than coils after 3 

short run. The pote^pieces being bare metal and coilii 
bt'ing covered, when makini^ comparison it, is of course 
necessary to kei^p hand on coils some time before full effect 
is reached, and oven then it is reduced. 



REMEDY. 
^EDand 



■Tbis trouble is either due to faulty de- 
I, which can only be corrected by x/u 
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r Motors. 
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bnit(1iTigf, or else it is oaaaed by fliictuauons in the currenL 
Tii<! Utter a\n be detected, if the variatioDs are not too 
rapid, by patting an amiaeter in circuit, or rapid variations 
may be felt by holding a piece of iron near the pole-pieoes 
and noting whether it vibrates. A direct current does not 
u-ually vary enough to oauae this trouble, but in the case of 
an alternating current it is necessary to u:iB la lai Dated fields 
to avoid great Jieating, and the ordinary arc ourreDts fluc- 
tuate enough to cause aume trouble in this way. 



3. Cause. — Moisture infield coils. 

Symptom. — Field-circuit teats lower in reaiatanoe 
than noim^il in that type of machine, and in the case of 
shunt-wound machines the field takes more than the 
ordinary current. Field coils steam when hot, or feelmoitit 
to hand. 

RHMEDV. — Dry the field coils in a warm but not hot 
place. This may be doue simply by pat^sin? a current 
through the field coila, which must be regulated so as not 
to exceed the usual field current. 
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Chaptkk v. 
HEATING OF BEARINGS. 



1. Cause. — Lack of oil, 

S}/niptO}H.—Sha.{t and bearing look dry. Shaft 
usually turns stiffly. Oil cup or reservoir empty, 

REMEDY.— Supply oil, and also make sure that oil 
pat^sageB as well as feeding or aelf-oiling deviceH woik 
freely, and that the oil earmut leak out. This last fault 
sometimes causes oil to fail eooner than attendant expecis. 

3. Cause. — Grit or other foreign matter in bearings. 

Symptom, — Best detected by removing shaft or 
bearing and examiuing both. Any grit can of course easily 
be felt, and will also scratch the shaft. 



Fig. 5.— Shaft Rough or Cot. ^™ 

REMEDY. — Remove shaft or bearing, clean both very 
carefully and see that no grit can get in. Place machine i^^ 
duslless place or box it in. ^^| 

3. Cause. — Shaft rough or cut. {Fig. S.) ^H 

Symptom: — Shaft will show grooves or roughnesa, 

and will ]jrobably revolve stiffly. 

^ REMEDY.— Turn shaft in lathe or smoothe with fine 

Me and sue that bearing is smooth and fits shaft. 
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4. Cause. — Shaft and heariugjit too tight. 
Symptom. — Shaft hard to revolve by hand. 
REMEDY. — Turn or file down ehaft in lathe, or scrape 

■1" ream out bearings. 

5. Cause. — Shaji " sprmig" or bent. 
Symptom. — Shaft hard to revolve and uaaally stioks 

nuoh more in oue part of rtvolulion than in another. 



Fto. 6.— Armature with Good Clbarahob at C 0. 

REMEDY. — It is almost impossible to straighten » 
bent shaft. It mif^ht be bent or turned true, but prob- 
ably a new shaft will be necessary. 

6. Cause. — Bearings out of line. 

Symptom. — Shaft hard to revolve, but is much 
relieved by loouening screws which hold bearings in place. 
Bearing sometimes moves perceptibly when loosened, even 
when motor is not running, and belt is off. 

REMEDY. — Loowen bearings by partly unscrewing 
liolta or screws holding them in place, and find their easy 
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and tme position, which may either require it to be moved 
rideways or np and down ; then file the Berew-holes of the 
bearings or raise or lower the bearinga, as may be neces- 
aary, to make them occupy right position when sorews are 

tightened. 

"7. Cause. — TTmtst or preasure of pulley, collar or 
shoulder on shaft against one or both of the bearings. 

(FigB. and 7.) 

Symptom,' — Move shaft, while revolving, bade and 
forth with the fioger or a stick applied to the end, aodnole 



^i i 




Fio. 7.— Armaturb Fobced Against BoABiNa 

if collar or shoulder tends to bb pushed or drawn against 
either bearing. A dynamo or motor shaft should always 
be capable of moving freely back and forth a sixteenth or 
eighth of an inch to make commutator and bearings wear 
smooth (See Sparking, No. 3). If this does not occur it 
should be relieved in one of the following ways: 

REMEDY.— Line up the belt, shift collar or pulley, 
WB oS shoulder on shaft or iile o£ bearing until fj 
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shoulder does not touch when running or until presBare is 
relieved. 



8. Cause. — Too great load or strain on the belt. 

Symptom. — Great tension on belt. In this case 
pulley bearing will probably be very much hotter than tlie 
oiher and also worn elliptical, as indicated in Fig. «, in 
wliich case the shaft may be shaken in the bearing in tlie 
direction of the belt pull, provided the machine baa been 
running long enough to wear the btiarlngs. 



I 




Fio. 8.— Beabins Wobk Ellipticau 



REMEDY. — Reduce load or belt tension, or use larger 
pulleys and lighter belt or even gearing so as to relieve 
side strain on shaft. 

9. Cause. — Armature too near one pole-piece, produc- 
ing much greater magnetic attraction on nearer aide. 

Symptom. — Ezamine the clearance of armatare and 
see if it is anirorm on all sides. Charge and discbai^e the 
field magnet, the armature being disconnected (by patting 
paper under one brush), and see if armature seems to be 
drawn to one side and turns very much less easily when 
field is magnetized. 
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REMEDY. — ^This fault is due to an inherent defect in 
the original construction, which is ditficult to correct, but 
in cases of necesHity the armature can be centered exactly 
in the field by moving the bearings, which may be done by 
carefully filing the holes through which the screws pass that 
hold the bearings in place, or the pole-piece may be filed 
away where it is too near the armature. It is sometimes 
possible to spring the pole-piece further away from the 
armature, but it is difficult and dangerous to attempt. 



SI 



1. Caase. — Vibratia 

one of balance. 



i due to armature orpuHei/ being 



Syntptont, — Strong vibration felt vhen band ia placed 
on machine while ronntng. Vibration ohaDgea greatly if 




FiQ. 9.— Ubthod of Balancing Aruatttbe. 



speed is changed, and BometimeB almost disappears at cer- 
tain speeds. 

REMEDY.— Armature or pulley mnst be perfectly 
balanced by securely attaching lead or other weight on 
light eide, whioh can be found by trial. The easiest method 
of finding in which direction the arraatnre is out of balance 
IB to take it out and rest the shaft on two parallel and 
horizontal A-shaped metallic tracks sufticiently far apart to 
allow armature to go between them (Fig. 9) If the armature 
is then slowly rolled back and forth, tbe heavy side will, of 
conrse, tend to turn downward. The armature and pulley 
should always be balanced separately. An excess of weight 
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on one side of pulley aii<1 an equal escess of weight on oppo- 
site eiile of armature will not produce a balance while ruD- 
ninp, thoD^h it may appear to when standing still; on ihs 
contrary, it will give the shaft a strong tendency to 
'* wobble." A perfect balance is only obtained when tlie 
weights are directly opposite, i. e., in the same line perpen- 
dioalar to the shaft. 



3> CaiisOi — Armature strikes pole-pieces. ^^^| 

Symptotn, — Easily detected by placing the ear near 
the pole-pieces or by examining armature to see if its sur. 
face is abraided at any point, or by examining each part 
of the space between arionture and field, as armature is 
slowly revolved, to see if at any point it touches or is so 
close as to be likely to touoh when the machine is mnning. 
It is nnwiae to have a clearance of less than onS'sixteenth 
inch full. Also turn armature by hand when no cairetit is 
on and note if it sticks at any point. 

REMEDY.^Bind down any wire or other part of 
armature that may project abnormally, or file oat pole- 
pieces where armature strikes. 



3. CsMse.— Shaft collars or shoulders, hub or edges of 
puliey or belt rattling agaiitst bearings. 

Symptom. — Noise stops when shaft or pulley is 
puslied lengthwise away from one or the other of the 
bearings. (See Heating of the EearingR, No. '7.) 

REMEDY. — Shift collar or pulley, turn off shoulder on 
shaft, file or turn off the bearing, move pulley on shaft or 
straighten belt until they do not strike and noise ceasea. ^ 
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4. Cause. — Rattling due to loaseneaa of aoretoa or other 
^>arts. 

Si/mptotn. — Close examination of the bearings, shaft, 
pulley, BorewB, nuts, binding-posts, &c., or touching the 
xnaehiiie while running, or shaking Its parts while staadiag 
aiill, will usually show the particular pans whiuh are loose. 

REMEDY. — Tighten up the loose parts, and be careful 
to kKv\) tiiem all in place and pnip«rly set up. It is very 
easy to guard against the occurrence of this tronble, 
-which is very common, by simply examining the various 
Horews and other parts each day before the machine is 
started. 



5. Cause. — Singing or hissing of brushes on commu- 
tator, usually occaNioned hy rough or eccentric commutator 
(see Sparking at Commutator, No. 3), or by tips of bruahes 
not being sraooih, or the layers of a copper brush not being 
bi'ld together and in place; with carbon brushes, hissing 
will be caused by the use of carbon which is gritty or too 
hard. Vertical carbon bmshea or inclined brushes running 
backward are apt to squeak or sing. 

Symptom, — Sound of high pitch and easily located 
by puaiiig the ear near the commutator while it is running, 
and by lifting off the brushes one at a time. 

REMEDY. — Apply a very little oil to the commutator 
with the litiger or a rag. Adjust brushes or smooth com- 
mutator by turning, filing or fine sandpaper, being 
careful to clean ilioruugbiy afterwards. Carbon bruabes 
are apt to squi'ak in starting up or at slow speed. This 
deoreafes at full speed, and can usually be reduced by 
moistening carbon brush wiih oil, care beinu taken not 
to have any dropn or excess of oil. Shortening or length- 
ening the brushes sometimes stops the noise. 
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6. Cause. — Flapping or pounding of belt joint or 
lacing against pulley, (Fig. 10.) 

Symptom, — Suund repeated once for each complete 
revolution of the belt, which ia much lens frequent than any 
other dynamo or motor sound, and can be Been or easily 
counted, 

REMEDY.— Endlees beit or smoother ioint in belt 
A perfect joint and a straight, smooth belt are always very 
desirable for dyaamos and motors. 

7. Cause. — Slipping of belt on pulley due to overload. 
Symptom, — Intermittent squeaking noise. 



I 



Fra. 10.— Bad Jonns in Belt. 

REMEDY.— Tighten the belt, or reduce the load, 
wider belt may be required. 

8. Cause. — Humming of armature core teeth {if any) 
at they pass pole-pieces. 

Symptom.,— F^re humming sound less metallic than 
No. 5. 

REMEDY. — Slope ends of pole-pieces so that arma- 
ture tooth does not pass edge of pole-piece all at once. 
Decrease the magnetization of the fields. Increase the 
cross-section or magnetic capacity of the teeth, or reduce 
that of the body of the armature, which is a matter of 
first construction. 



CeAPTKE VII. 

SPEED TOO HIGH OR LOW. 

This kind of trouble in either dynamo or motor is a seri- 
ous matter, and it is always desirable, and generally im- 
perative, to sbut off the current immediately and make a 
careful investigation of the trouble. 

1. Cause. — Overload. (Sue Sparking, No. 1.) 

Symptom.. — Armature 
Badsparkingat cotnmutator 
oarrent. Armature and bearings heat. Belt very tighton 
tension side. 

REMEDY.— Reduce the load on machine by taking off 
lamps in the case of a dynamo, or mechanical work in the 
oase of a motor ; decrease the diamKer of driving pulley 
or increase the diameter of driven pulley, 

3. Cause. — Short circuit in armature. 

Symptom and remedy the same as Heating of Armature, 



3. Cause. — Armature runs aloiely because it strikes 
pole-pieces. Symptom and Remedy the same as Noise, No. 2. 

4. Cause. — Armature runs slowlij because its shaft 
does not revolve freely in the bearings. 

Symptom. — Armature tama hard by baud ; bearings 
sod shaft heat when running. 



I 
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REMEDY. — Oil the bearings; clean and smooth, if 
neceHHary, ibe ehaft and bearings; line up the beariogs. 

See Heating of Bearings, all cases. 



ff • Cause. — FUld magnetUm weak. ^| 

This has the eflfeot of making a motor run too fast o?^ 
too slow, or in some oases even run backwards, but makes 
a dynamo fail to "build np" or eroke Its field and give 
the proper voltage. 

Symptom and Remedy the same as Sparking, No. 7. 
(See the following class ; also, Dynamo Fails to Generate.) 
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Chaptbr VUL 

MOTOR STOPS OR FAILS TO START. 

This trouble is, of course, an extreme case of the previ- 
oua claes (Speed too High or Low), but it is made a 
separate class because it is so perfectly definite and re- 
quires somewhat different treatment. This heading does 
not, of course, apply to dynamos, since they are usually 
driven positively by an engine and do not, like a motor, 
depend on their own operation for their motion, 

1. Cause. — Great Overload. (See Sparking, No. 1.) 
A sliyhi overload causes motor to run slowly, but an ex- 
treme overload will, of course, stop it entirely or " stall " it. 

Symptom, — On a constant-current circuit no harm | 
reaultc, and motor starts properly when load is reduced or , 
taken off. 

On a constant- potential circuit the current is very ex- 
oesMve, and safety fuse melts, or, in the absence or failure 
of the latter to aut, armature would be burnt out. 

REMEDY.— Turn off switch iusUntly, reduce or take 
off the load, replace the fuse or cut-out if necessary, and 
turn on current again, just long enough to see if trouble 
etiU exists. 



3< Gausei — Very excessive friction due to shaft, bear- 
inffs or other parts being jammed, or armature touching 
pote pieces. 



V 



Symptom. — Similir to previous case, but is distin- 
gniautKi Irom it by the fact tiiat armature la hard to turn 
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bj hand, even when load is taken off. 
that rhaft is too large, bent or rough, 
armature touuhee' pole-pieces or other 
rotation. (See Heating of Bearings ai 



Examination shorn 
jr bearing too tight, 

impediment to free 
id Noise.) 



RHMEDY. — Turn can-ent off in^itantly, ascertain and 
remove cause of friotion, turn on current again jubt long 
enough to see if trouble still exists. md 



3. CaUHe. — Circuit open due to (a) safety fnae 
melted, {b) wire in motor broken or slipped out of c^mneo- 
tionn, (c) brushes not in contact with commutator, (d) 
switch open, (e) circuit supplying motor open, (/) failure 

at generating station. 

Symptom. — Distinguished from Noa. 1 and 3 by the 
fact that if load is taken off motor still refuses to start, 
and yet aroiatiire turns freely by hand. 

On a constant current-circuit the switch arcs badly when 
turned on if motor circuit is open; but there i a no current, 
motion or other effect m motor. On a constant- potential 
circuit, Geld circuit alone of a shunt motor may he open, in 
which ca^e pole pieces are not strongly magnetic when tested 
with a piece of iron ; if armature circuit is at fault there 
ia no spark when brushes are liftetl, and if both are with- 
out current there is no spark when switch is opened. 

REMEDY. — Turn current off instantly. Examine 
safety fuse, wires, brushes, switch and circuit generally for 
break or fault. If nonecdU tie found turn on switch again 
for a moment, as the trouble may have been due to a 
temporary stoppage of the current at the station or on the 
line. If motor still seems dead, test si'parately armature, 
field coils and other parts of circuit for continuity with 
a magneto or cell of battery aud electric bell, (See lu- 
Btmctions for Testing.) 
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4. fanse. — Wrong connection, or complete short cir- 
--mtiC of ^eld, armature or evtitch. 

Symptom, — Distinjruished from Noa 1 and 3 in the 
^^me way aa No. 3, and differs from No, 3 in the evidence 
caf htrong current in motor. 

On a constant -potential circuit, if current is verygrea', 
St indicates a abort circuit If the field is at faalt it will 
not be strongly magnetic. 

The possible complications of wrong connections are so 
great that no eiact rules can be given. Carefully examine and 
make sure of the correctneBs of all connections (see Dia- 
grams of Connections). This trouble is usually inexcus- 
able, since only a competent person should ever set up or 
change l^he connections of a motor. 



\ 
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DYNAMO FAILS TO GENERATE. 

This class of troiiblee is, of course, confined to dynamos 
and corresponds somewhat to the previous class for motors. 
This trouble is almost always caused by the inability of 
the machine to sufficiently "exdte" or "build up '' its 
own field magnetism. The proper starting of a dynamo 
requires a ct^rtain amount of residiml magnetism, which 
must be inci-eased to full strength by the current generated 
in the machine itself. t 



1. Cause> — Reversed reeidual magnetism, due to (a) 
reversed current through field cnW*, (b) reversed connec- 
tions, (c) earth's magnetism, (rf) proximity of another 
dynamo, («) brushes not in the right position. 

Symptom, — Little or no magnetic attraction when 
pole-pieces are tested with piece of iron. 

M^igneliBm weaker when machine is running and field 
circuit closed than when machine is stopped or field open, 
because current generated tends to build down, as it were, 
or neutralize the magnetism. 

REMEDY. — Send a magnetizing current from another 
machine or battery throuf^ii fluid coils, ihen start and try 
machine; if thi^ fails, apply the current in the opposite 
direction ariil Iry machine again. 

Revorse field and armature with respect to each other, 
Le., reverse conneutions of either one or shift brushes. 
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3. Cause. — Too weak residual magnetiam. Symp- 
toniH and remedies of this trouble are §ubBtaDtially the 
same as in the previous case, but the attrautioii fur a piece 
of iron is even weaker — in fact, practically nothing— 
when the machine is not running. 



3. Caase. — Short circuit in the machine or external 
circuit, 

Tliia applies to a sbunt-woutid machine, and has the effect 
oT preventing the voliage and the field magnetism from 

building up. 

Sym^pfom- — Magnetism weak, bnt atill quite per- 
oepiible. 

REMEDY. — If short circuit ia in the external circuit, 
the iipening of the latter will allow the'dynamo to build up 
and generate full voUage. If the short circuit is wilLin 
the machine, it should be found by careful inspection or 
testing. In eilher of these cases do not connect the ex- 
ternal circuit till short circuit is found and corrected. 

A slight short circuit, suuh as that caused by a defective 
lamp socket or copper duet on the commutator, may pre- 
vent magnetism from building up. 

(See Sparking, Kos. 5 and 7.). 



4. Cause. — Plekt coils opposed to each other. 

Symptom. — If pole-pieces are approached with a com- 
pass or other freely BUspended ms^jnet, they both attract 
the same end of the magnet, showing them both to be of 
the samp, instead of opposite, polarity. 

For similar reations the pole-pieces are quite strongly 
magnetic when tested separately with a piece of iron, hut 
show less attraction when the same piece of iron is applied 
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to both pole-piecea at nooe, whereas the attraotion should 
be rauuh stronger. In multipolar machines these tests 
should be applied to oouseoulive pole-pieces, 

REMEDY. — Reverse the conneotloQB of one of the 
coils, flo that the polarity of the pole-pieoes is opposite 
and not the same. 



5. CauBe> — Open circuit. 

{a) Ltrokeu wire or faulty connection in machine, (ft) 
brushes not in contact with commatator, (c) safety fase 
melted or absent, (d) switch open, (e) external circait 
open. 

Symptom. — If the trouble is merely dae to the switch 
or external circuit being open, the magnetism will be at 
full strengih, and the maobine itself may be working per- 
fectly, but if the trouble is in the machine, the tield mag- 
netism will probably be very weak. 

REMEDY. — Make very careful examination for open- 
ing in circuit ; if not found, test separately the field coils, 
armature, etc., for continuity with magneto or cell of bat- 
tery and electric bell. (See lastruction'j for Testing.) ' 



CONCLUSION. 



It is obvionBly difficult, if not impossible, in the treat- 
ment of dynamo and motor troubles to give complete di- 
nctions for locating or identifying all the various troubles ; 
but in most of the cases this will be found possible; and 
moreover, it is a fact that a mere list of tbese troubles, 
particularly if it is systematically arranged, is of the 
greatest help in overcoming these difficulties. It is in the 

SromptnesB and intelligence which sueh troubles are 
ealt with that the ability or inability of a man is moat 
' irly shown. 
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